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ADVERTISEMENT. 


Copies ofikejini Series of the Annals of Pliilosophy may 
hr had luj application to the publishers^ to any hoohseller* It conskis 
of Sixlecn Volumes f Iminf* commenced the year 1813. 



ERRATA, 


In the Number for July, 1820, page 48, line 10, from [)ottom,/or evolving, read 

cooling. 

In the Number for August, page 100, line 23, /or Mullen glass, read Muller glass, 

ERRATA IN No. XCIV-I-OR OCTOBER, First Scries. 

Page 281, line 0,/it* June 30, read June 3, 

283, line 3, /or iv /, read n /, 

4, /or (« - 1) r, read — 1) w, 

286, line 20, /or cot. n a\ read cot. n w. 

287, line 5, /or <p 0„) , read === (xn) 


ERRATA IN VOL. 1. New Series. 

Page 46, la&t line, /or three inches, rooi/ eight inches. 

fur three inchcvs from the bottom, u’ad eight inches. 

It escaped notice, until too late, that in both tliest* instances, the printer had mistaken 
a %ure of cfir/// for Mrtr. 

ITic dimensions, as corrected, are those of tlie boiler and fire-place used in HOiueexpc. 
rimente made at Bromley ; in tlie greater number of thot>c ivlludcd to by Dr. Bostock, 
the dimensions of the boiler and lirc-place were as follow: 
ijoi/cr.— Three feet long, 15 inches wide, and 15 inches deC]). 

Firc-;i/acc.— Nineteen and a half inches long, nine inches and a half wide, and ten 
inches deep. 

Page 57 , line 31,/or 30, read 25. 
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89, line 35, for a, the Joinings, read at the joinings. 

36,/>rwc*, trad were. 
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22, for C, read K 
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34,}or thin bitumen, rtad elastic bitumen. 

1 60, line 5 from bottom, /jr ( 'apricornus, read Sagittarius. 

212, line burning, read liming. 

218, line 34, /ir being cliange, had being no change. 

38, /ol on chlorine gas, rco/f in chlorine gas. 

222, line 36,_/br pel de singettc, read scl dc Seigiiette. 

7, from bottom, />r distilled, read deducted. 

274, line 3, from the top, for FRS. read VPRS, 

276, line II, from tlie bottom, /or rcaivc, read conceive. 

287> Hnc 1 8, /or {a - read (a - b) A, 



4r)VERJ’lSEMENT. 


1 piJOJE( ri'.j) the Aimal'< o/ Philosophy m the year IHU, 
and have continued to be tli(‘ Editor (‘ver since, with the 
c\ct^[)tinn nl’ n sin^l(‘ year, when my sudden removal to 
(ilasi^ou, and the m‘Ce^^■sltv 1 under of beginnini^ a 

la])orious course of Cdienncid Lectmes Avilh scarcely any 
previous j>rej)arat ion, and with no assistant, put it out of 
niv j)o\\er to d(^Aote* a snlinaeiil portion of iin time' to the 
laboruMis and dl\ei''died duties i»f‘ E.dilor of a jitriodical 
vv ork ol‘ s(‘ient'e M\ fVu nd*^ Dr. lh»stoek and Mr. Arthur 
Aikin wi re kind enough to siqipiy my place durinq;’ that 
vear: ami carri(‘d on the l//a^//v of l^hi/o'^nphy with a 
spirit winch left tin' readers no <-aus{‘ to n gret the tempo- 
rarv ali^f nee ot‘ tin* ornjnial fahtor. fhe primapal object 
w'hich I lead constantly in view was to rend( r tin* Aoiiof as 
conipleti a leu'istei as possible of all the* inijirov ements 
made in clieinlstrv and tlu' kindnal sciencf's, not merelv in 
Cireat Ihilain, hut in e\(r\ jiait of tlu' world. How far my 
exmtiorm wtre attended with sneees^^ it is not for me t(i 
(hterinine, lIuMioh I can sa\ with truth that neither lal)oni 
noi' expfime a'> sjiared to fnltil. as far as was in ni\ powu'?, 
the ohjM’ts which I had m \ lew . 

After a trial of' tw(» vear-^, I hav(‘ satisfied myself that a 
residence imu'e than four hundri'd miles distant from tlie 
place <il puhlii'ation is scarcelv eoiisisttail w ith tin* activ’( 
duties of an Mdilor. It more tlian (juadruples till* laliour, 
whih' it diminishes, almost ni the same proportion, its suc- 
cessful v'Vt rtioii. I have, theretore, witli the concurrence of 
tin* publislu'is, tiaiisft rred the Edit oi ship^R' tin* e; 

Philosophy to luy friend Mi. Ixiehard Phillips, a oenlleman 
Avhose sen'iitifie tahaits and accpiiremenfs are too well 
known to rt'(|uire anv v»Wservatlons on my part. 

Ml/; Scries, tol, t. 
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ADVERTISEMENT. 


But though I relinquish the Editorship, I do not abandon 
all interest and concern in the work. I shall still continue 
connected with it, and, I trust, shall be a frequent and 
active contributor, though my absence froijt-^he^jlace of 
publication renders the labours of the active Editorship 
irksome and painful. 

In consequence of this change, it has been determined 
to denominate the seventeenth volume of the Annals of 
Philosophi/ the First of a New Series. 

THOMAS THOMSON. 

December y 1820. 


I undertake the Editorship of the Annals of Philosophy ^ 
atmo.unced in the above advertisement, with ^ome anxiety, lest 
the reputation which the work has ac(/uired should bt dimi- 
nished by being placed under my coniroul, I'he friendly 
assurances of Dr, Thomson, that he will continue to contribute 
to the Annals, will, I trust, convince the reader that the work 
will in future possess a great share of its present value. 

The successjul management of a scientific journal is ren^ 
dered doubly dijficult by the numerous similar sources through 
which information is noic coniryed : relying, however, upon 
the favourable circumstances in which I am placed for f he 
early acquisition of philosophical intelligence, / trust 1 shall 
be enabled, with the assistance of u hick I have received nume- 
rous promises, to render the work not unworthy oj the patro- 
nage and support of the scientific public. 


lAmdon, 

Decanber, 1820. 


RICHARD PHILLIPS. 
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Article I. 

fCipcn‘me)tfs to determine the true Atomic Weight of Slrontian, 
Lime, Mugnesi(f, Phosphoric Acid, and Arsetiic Acid, By 
Thonms Tlionison, M.D. IMv.S. 

I n two papers piihlislicd in the prccedini:; volume otWioAunahuf 
Vhilosophy, I have eiidi'iivoured to determine the real weight of 
the atom of Id simple bodies, and a considerable number of 
compounds forim‘d by the union of these bodies Mitli each 
other. In everv one of tliese cases ^\e found reason to conclude 
that the atomic eight of every body is a multiple of the weight 
of art atom ot‘ hydrogen. I showed that th(‘ determinations of 
Dr. Wollaston and Prof. Berzelius, tlioiigh in most cases consti- 
tuting very good approx iinat ions, are never rigidly exact, the 
true weights of the atoms of bodies constituting much simpler 
numbers than they lm\(' supposed. 1 have shown, 1 trust to the 
satisfaction ol* all praidical clieinists, that the mode of experi- 
menting adopted hy Berzelius is not precise enough for the 
determination of tin' W(;iglits of th(‘ atoms of hodieL I ought 
to obstu've, however, that Berzelius is uiidouhtedly a very great 
master of the analytical art ; that his analyses approach upon 
the whole exceedingly near the truth; and exhibit a consistency 
which is highly satisfactory, and does a gVeai’deal of credit to 
the industry and sagacity of their author. But unfortunately 
his mode of ('xperimeiiting admits of no criterion by wliich the 
experimenter can determine whether the results he accurate or ^ 
not ; so that he has no nn?ans of checking himself, and of taking 
. ^ A 2 • 
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those precautions which a knowledge of the existence of error 
would lead him to look for. 

The mode of experimenting which 1 liave employed has the 

f reat advantage of infonuin«‘ the experimenter win thcT or not 
is results be accurate. When 1 mix togetlyyu^ weight 

of sulphate of potash and nitrate olTead, it is easy, examin- 

ing the clear liepud wliich remains after the ]»recipitat(‘, has 
sulbsided, to ascertain whetlier that liquid holds in solution any 
sulphuric acid or anv oxide; thus showing wlu'tlua* ( ithcr of* 
the salts has been rinploved in e\ct ss, and whicli of the twai: 
We are thereby enabled to \ury tin* weight of each salt till at 
last we hit upon ])roportions whuh exactly decompose each 
other without leaving any excess whattwer. 'flu' knowleilge of 
these proportions taiahles us, by the methods explained in the 
papers above alliuh d todttermiiie the real weight of the 
atom of th(‘ bodies which aie the subjeit of exptrinunt . 

This method is tt iiious, and rtapiiivs n*o guat ^haie oj‘ dexte- 
rity in ( Xperimeiiting. VN e must lake cari' that oiii sali^ are 
pure anil div ; that the\ aii* aceuralely w iighed out , eomphtely 
dissolved in distilled wati and the solutions well mi\i d withiuit 
any loss whatever, hotwir attends to ilu^se preeautioiis will 
be enalih'd to t'ome to results a^ mar al)>olute aeeuiaev as is 
consistent with evpei nm'ntmg. I have made eoimidm ahh* pro- 
gress in (letenninmg tlu^ weights ot' the atoms ot the acids and 
basfN bv this nu'tln.Kl : i)ut at prcNt nt I mean to eoidim^ myself 
to the experiment'' madt* to determine tlie atoinie w eiLihls ( >|'t he 
fivf‘ substances whose names an* placed at (lie In ail ot this 
essay, ddie following table exhihits the numbms assigned to 
the atom of these bmhes b\ Dalton, Wollaston, Berzehus, Drout, 
and nixself : 



Dalum. 

i Vyolhistitn. 

Ikr/L'Iuj.'s. 

Pruut. I'luaison, 

Stroiitian 

. f'-bTl 

' <r!) 

12-H4bO 

— f (i-o 

Lime 

. :)-42s 

' :Lo4ti 

7-i20(; 

:b.’> 

Magnrsia 


i 2-4fi 

;'r|()72 

— 2 ’ . 

Phosphoiic acid. . 


. :j*7 1 


d*7d j 

Artemi’ acid. . . 

— 

1 

l-!-4{i77 

1 7-‘>r, 


To enable the reader to compare rier/ehns’s atoms with the 
others contained in the table, it will be proper to bring them 
down to smaller numbers, d’his mav l)e done by divulmg* each 
by ‘2. dhey wil)i then be reduced to what they are in the 
folli^wing table : 

* In the fifth edition of my System of Chemistry. I made it 4 '.5, deceived })y the expe. 
limenu of Berzelius and Dalton. But 1 have long ago corrccteii this inistalu'. 
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Stroiitiaii *, 6*4730 

Lime . 3*5603 

Magnesia 2*5836 

Phosplioric acid 4*4()15 

, Arseiii^ acid 7*20385 


Wlicn thus slated, th(‘y approach very nearly to the other 
atomic iimiihers <‘-onf aim'd m the table, tlioup;!) tlie number of 
decimal ])la(*es is suliicii'iit to render tln ir absolute accuracy 
suspicious. They want om* of tin* crileiions which J have 
shown, in niy preceding; pa[)ers, that tlie real atomic wei^^hts of 
bodit s [lossess. l in y art' none of them multiples of 0*125, the 
W'eio'ht ol'aii atom of hydroii^en. .Dalton’s numbers w^ere obtained 
by dividing' the atomic w(‘i<i.iits which he ‘j.ives in his System of 
Chemical Plnlosoj)hy by 7, w4ii(di is his \v( ight of* an atom of 
oxygen. 4’lii^ is a fairer metiiod than tlujone which I employed 
in my last paper. 1 fJiere took in his uror with respect to the 
vveiglit of oxygen when rom[)ared with hydrogen. Here that 
error is not lei'kom'd at all, but tacitly coii^ cted. 

Let Us now have recourse to (,‘X})i*rnnen( ^ to determine which 
of thesi' columns conies neari st the trul’i, or whether any of 
them be absolutely coirect. Sulphali‘ of ■ oda is composed as 
follows : 

Sulphuric acitl 5 

Soda 4 

Sulphate of* soda b 

Accordiim to tin* numbers which [ ha\o made choice of for 
clilorine and strontium, chloride of strontium is composed of 


C hloriiie 4*5 

Strontium >*5 

('hloride of strontium 10*0 


To determine wliether these numbi'i’s be correct, I took nine 
grains of* sulphate of soda recmitly kej4 f*v)r half an liour in the 
state of igneous fusion, and dissolved it in a small quantity of 
distilh'd water. 1 likewise dissolved in another portion of 
distilled water lO grs. of chloride of strontium, ri^cently' fused 
and [lerh'ctlv dry. Tliese two liquids were carefully mixed 
together, aiu) allowed to remain in contact for 24 hours. I theii 
drew oH* a portion of the clear liquid, and examined it. No 
change whatever was produced in it bv nitrate of barytes. Of 
course, it contained no sensible quantity of^sulphuric acid. It 
was not rendered in the least turbid by sulphate of soda, phos- 
phate of soda, ‘arseniate of soda, or chromate of potash. Hence 
there is no evidence tha^ it contained any strontian. • 

I consider myself as warranted by the ])receding experimeilt 
to c\)Dclude, that chloride of strontium is^t oraposed of 
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Chlorine 4*5 

* Strontium 5*5 


10*0 

Consequently muriate of strontian is composed of 


Muriatic acid 4*625 

Strontian 6*5 


11*125 

It is obvious, therefore, that the true weight of an atom of 
strontian is 6*5, the very weight which 1 have already assigned. 
The above experiment will neither succeed with Dalton’s, Wol- 
laston’s, nor Berzelius’s numbers — a sufficient proof that none of 
them is absolutely correct. 

2. I made a great many trials before I .was able to determine 
tlie weight of an atom of lime ; but 1 consider it as needless to 
Telate those which were unsuccessfid. Indeed I failed so fre- 
quently that I for some time despaired of' being able to deter- 
mine the point. However by persevering and trying om* method 
after another, I at last hit upon a way which is quite easy, and 
■which, if carefully performed, yields most satisfactory n^sults. 
IVo salt of lime wbich I tried possessed suflicient solubility, and 
the capacity of being totally deprived of water by heat without 
decomposition. I was obliged, therefore, to have recourse to 
calcareous spar. I took perfectly })ure calcareous spar, reduced 
it to a coarse powder, and exposed it for an hour to a tempera- 
ture of between 300° and dOu'^, which rendeus it perfectly dry 
without disengaging any sensible quantity of carbonic acid. It 
will appear by the experiments which 1 am going to relate, that 
pure dry carbonate of lime is composed of 

Carbonic acid 2*75 

Lime 3*5 

Carbonate of lime 6*25 

When pure crystals of bicarbonate of potash an; exposed to 
a red heat in a crucible of platinum, one half of the carbonic 
acid is driven off, and there remains pure and dry carbonate of 
potash. Now this salt is composed of 

Carbonic acid 

Potash 

Carbonate of potash 8*75 

The knowledge of the composition of these salts will enable 
.the reader easily to follow the experim^ents which I am going to 
relate. 

6*25 grg, of dry ’calcareous spar were dissolved in nmiiatic 


6*00 
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acid, and the solution was evaporated to drytiess on a sand-bath 
at a temperature not much exceeding 100^. The dry salt was 
then dissolved in distilled water. It obviously contained 3*5 
grs. of lime saturated with muriatic acid ; and from the result of 
the experiment, ^t will immediately appear that muriate of lime 
is a compound of 


Muriatic acid 4*625 

Lime 3*5 

Muriate of lime 8*125 


8*75 grs. of carbonate of potash were dissolved in a separate 
portion of distilled water, and the solution was mixed with that 
of the muriate of lime. A double decomposition took place, 
carbonate of lime precipitated, and the clear liquid held muriate 
of potash ill solution. A portion of this liquid was drawn off 
and examined. It produced no change upon the colour of 
paper stained red by cudbear.* Oxalate of ammonia occasioned 
no precipitate in it. From these facts 1 consider myself entitled 
to conclude that the whole of the carbonate of potash was 
exactly neutralized by muriatic acid, and that the whole of the 
lime liad been precipitated in the state of a carbonate. It 
obviously follows that the weight of an atom of lime is 3*5. This 
is the atomic weight already assigned by Dr. Prout. My num- 
ber is too high, and Mr. Dalton’s too low. The number of 
Wollaston and Berzelius is much nearer the truth than either 
Dalton’s or mine, thoughboth of them are rather too high. 

To enable the reader to judge of the accuracy of the preceding 
conclusion, it may m't be amiss to select two out of the great 
number of experiments which 1 made with a view" to determine 
the weight ol an atom of lime. 

^1.) If we suppose the atom of lime to weigh 3*625, which is 
the atomic weight that 1 had pitched upon, then it is clear that 
dry carbonate of lime must be composed of 


Carbonic acid 2*75 

Lime 3*625 

Carbonate of lime 6*375 


To verify tliis supposition, I dissolved 6*375 grs\ of dry car- 
bonate of lime in muriatic acid, evaporated the solution to 
dryness, redissolved the residue in distilled water, and mixed it 
with a solution of 8*75 grs. of carbonate of potash. After the 
^carbonate of lime had precipitated, a portiifn of the clear liquid 
was drawn off, and some oxalate of ammonia dropped into it. 
An abundant precipitate of oxalate of lime fell down. Hence 

♦ • 

* Th» is the most delicate test of alkalies that I am acquainted with. A very 
minllte^rtion of alkali or alkaline carbonate renders i^vi&let floured. 
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lime still remained in KoJution; consequently the carbonate of 
potash had not been sufficient to throw down all the hme. We 
see from this that an atom of lime is not so heavy as 3’(325. 

(2.) The nearest multiple of 0*1 ‘io to Mr. Dalton’s atomio 
weip:ht of lime is 3*370. Now if this be the w^^-ight of an atom 
of lime, it is plain that dry carbonate of lime must be com» 
posed of 

Carbonic acid ‘2*7o 

Lime 3*370 


Carbonate of lime 0*125 

To verify this supposition, 1 dissolved b*125 grs. of carbonate 
of lime in muriatic acid, and after treating; the solution in the 
manner already described, 1 mixed it with a solution of 3*75 
gi*s. of carbonate of potash. Aftta* the carbimate of lime had 
.subsided, the clear supernatant Hcpiid was not precijiitated by 
oxalate of ammonia, and, therefore, contained no linu' ; but it 
instantly rendered cudbear pnjxT violet, and therefore contained 
an excess of potash. Hence the muriatic acid united with the 
hrae had not been sufficient to saturate the whole of the potash. 
It is clear from this that an atom of hme is heavier than 3-375. 

These experiments are sufficient I trust to satisfy the nader 
that tile true w eight of an atom of lime is 3*5. 

3. 1 found much less difficulty in determining the eight of 
an atom of magnesia than of lime. Sulphate of magni'sia may 
be exposed to a red heat, and rendered thoroughly dry without 
^losing* any of its acid, if the exjieriimmt lu' projierly conducted. 
If the weight (d’ an atom of maixm^^'ia, wliicli I have* assi^ined, 
namely, 2*5 b(' correct, it is obvious that anhydnms sulphate of 


magnesia is composed ot‘ 

Sul[)hiiric acid 5*0 

Magnesia 2*5 

Sulphate (T magne.sia 7*5 

Anhydrous chloridt’ of barium, as 1 demonstrated in a former 
paper, is composed of 

Chlorine 4*5 

BaMiini 8*75 

Chloride of barium 13*25 


7*5 grs. of anhydrous sulphate of magnesia, and 13*25 grs. of 
chloride of barium,, were respectively dissolved in two distinct 
portions of distilled water, and the solutions mixed together^ 
and well agitated. After the sulphate of barytes had subsided, a 
portion of the clear liquid was drawn off and examined : neither 
sulphate of soda nor nitrate of barytes o(?casioned any precipitate 
or rnuddiness in it. lleuce it is obvious that the liquid neither, 
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contained any barytes nor any sulphuric acid in solution ; so 
that the sulphuric acid in the 7 5 grs. of sulphate of magnesia 
had just saturated the barytes from 13*2o grs. of chloride of 
bariuiH. It is obvious llieii that the true weight of an atom of 
magm'sia is 2*0 therelbre, the atomic weight assigned by ’ 
Dalton and Wollast(Jii is too small, while that assigned by Ber- 
zelius is too liigli. Accordingly, if we mix together anhydrous 
sulphate of magnesia and chloride of barium in the jiroportions 
indicated by th<‘s(‘ numliers, we shall in the one case find an 
' excess of sulpliuric acid, and in the other of barytes, in the licpiid 
after llu* piecipitate has subsided, indicating' oljviously an error 
in th<‘ weight ol‘ the salts thus mixe d together, and consecpiently 
an erior in tlu' numbers assigned i>y these gentlemen for the 
weight of an atom of magnesia. 

4" file weight of an atom of phosphoric acid lias cost me 
first and last a good dc al of tn>uhle. 1 have the happiness, 
however, at last to lu.- ahlt' to lay hidbre the reailor experiments 
of sf) decisive a nature that no douht nor uncertainty can rest 
u})oii the Milipcl for the future. In the year iSlb 1 drew' u[i a 
paper upon the subjeet, the n suit ol' a g<iod man\ experiments, 
which wiis read before tlie llo\al Society. Some discussion 
took place m llui committee of pajiers relative to these experi- 
ments; an<l T>i-. Woliasioii, win* was a member of that coumiit- 
tee, and to wh<*se IViendshij) and assistance I have been 
vary liecpienlly obliged, kiudlv brought tlu papeu* to me to give 
me an op])ortuui(y of i oneetmg s(uue numerical mistakes which 
Of' had observed m it. By this time I jiad made tlie experiments 
on j)hosphurette(l liydrogen gas, wliich w ere soon after jiublished 
in llu' (tf P hi/nsufiin/. 'rhes(“ experiments had made me 

acejuamted with the true weight of the atom of pliosphorus, 
pliosphorous acid, ami phosphoric acid, and had explained all 
the turor^ into which 1 had fallen in my original paper. 1 had, 
therefore, been extremely desirous of withdrawing my paper 
from the Royal Society, in order to have an opportunity of cor- 
recting it. Of course, when it was put into my hands by 
Dr. \Vollaslon, 1 leipiested of the Society to be allowed to keep 
it, aiul this reepu'st they were kind enough to indulge me in. 

Just at the time that my proof sheet giving an account of 
phos]ihorus in the fifth ( dition of iny System of Cdiemistry was 
m iny possession, I received Air. Dalton’s short papbr on phos- 

5 hurelted hydrogen gas, which was printed in the Aimiih of 
Philosophy, hi tliat pajier Mr. Dalton states that phosphuretted 
hydrogen gas is cajiable of condensing twice its volume of 
oxygen gas. 1 had just before been informed by Gay-laissac of 
Dulong’s discovery of iiypophosphorous acid, and had read over 
Berzelius’s paper on phosphorus and its compounds, in which he 
shows by a number of analyses agreeing very well with each 
other that the atomic weight of phosphoric acid is 4*5, or at* 
least* v§ry near that number. Being perfecMy sure of the accu- 
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racy of my own experiments^ and not suspecting any inaccuracy 
in Mr. Dalton’s, I naturally concluded that phosphuretted 
hydiogeu gas was capable of uniting with three proportions of 
oxygen gas ; namely, 


1 volume phosphuretted hydrogen with I’CT volume oxygen 

1 1 *.> 

1 o-o 


The first two of these proportions were my own ; the last was 
Dalton’s. Now phosphuretted hydrogen gas is composed of 


1 volume hydrogen gas 
1 volume phosphorous vapour 


} 


condensed into one volume. 


The volume of hydrogen gas requires half a volume of oxygen 
gas to convert it into water. Therefore , we have 

1 volume phosphorus uniting with 0*.> volume o\v<ren 

1 :: l-O 

1 l-o 


This is the same thing as saying that an atom of phosphorus 
unites with one atom, two atoms, and three atoms of oxygtui. 1 
had demonstrated that an atom of pliosphonis weigiis I'o. 
Hence it was obvious that the weights ofthese three compoundK 
of oxygen and phosphorus must lie as follows : 


First comi)C)imd 

Second ditto d-o 

Third ditto 4*.> 


1 concluded that these three compounds w ere hypophospho- 
rous acid, phosphorous acid, and phos[)horie acid. This recon- 
ciled my own experiments with those ol Dalton and Berzelius. 
I was induced by this reasoning, which will he admitted to be 
sufficiently plausible, to alter the proof sheet, and to bring it to 
the state in which it appeared in the fifth edition of my System 
of Chemistry. 

Soon after this I went to Glasgow, and nearly a year elapsed 
before I was in possession of a laboratory, or had it in my power 
to return to the subject. As soon as 1 had the means 1 tried 
Mr. Daltorr^s experiment, and was a good deal surprised to find 
it inaccurate. 1 was unable to obtain a complete combustion of 
a mixture of one volume phosphuretted hydrogen gas and two 
Tolumes of oxygen. 1 was now satisfied that my original viewR 
on tlie subject weV^ correct ; and Davy’s paper on the subject, 
which appeared aliout this time, and which agreed exactly with 
my original views, served to confirm my opinion. Berzelius’s 
experiments still remained to be accounted for. 1 was satisfied 
•that they must be inaccurate ; but the difficulty was to hit 
upon a method of (Jemonstrating them to be so. The jexperi- 
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Mients which I am now going to relate will leave no doubts on 
the subject in the mind of any practical chemist. I do not 
know how Berzelius has deceived himself; but that he labomred 
under some deception or other will not admit of a doubt. 

It would be tir^gome and perfectly unnecessary to relate the 
numerous exiJerimonts wdiich I made to determine the weight of 
an atom of pliosplioric acid. I shall confine myself to those 
which answered the object that I had in view. 

If Berzelius’s opinion respecting the weight of an atom of 
• ‘phosphoric acid be true, then anhydrous phosphate of soda is 
composed of 

Phosphoric acid 4%^ 

Soda 4*0 

Phosphate of soda 8*5 

We have seen in a* former paper that dry nitrate of lead is 
composed of 

Nitric a(‘id 0*75 

Protoxide of lenid 14*00 

Nitrate of l<‘ad 20*75 

To put Berzelius’s analyses to 1])e test of experiment, I 
exposed a cpiantity of pure crystallized phosphate of soda to a 
red heat, and kept it in fusion for half an hour. 8*5 grs. of this 
anhydrous salt and 20*75 grs. of dry nitrate of lead were respec- 
tively dissolved in sc‘parate portions of distilled water, and the 
solutions wer(* inliniately mixed together. After the phosphate 
of lead had precij)liated, a portion of the clear liquid was drawn 
off and (’xainined. It yielded a white precipitate when mixed 
with nitiaU' of had and with muriate of lime. Hence it obviously 
coulained phosphoric acid in solution. Hence th(^ oxide of lead 
in 20*75 grs. of nitrate of lead is not capable of neutralising all 
the j)hosj:)honc acid in 8-5 grs. of anhydrous phosphate of soda. 
It follows from this that Berzelius’s statement of the composition 
of phosphate of soda is incorrect. 

If my own opinion respecting the composition of phosphoric 
acid be true, its weight must be 3*5, and anhydrous phosphate 
of soda must be composed of 


Phosphoric acid 3^ 

Soda 4*0 

Phosphate of soda 7*5 


To verify this opinion, 7*5 grs. of anhydrous phosphate of 
soda and 20*75 grs. of dry nitrate of lead were dissolved respec- 
tively ki separate portions of distilled water, and the solutioniT 
together. After the phosphate of Itad had subsided, a 
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portion of the clear liquid was drawn ofl‘ and examined. It 
yielded no precipitate when mixed with nitrate of lead or muriate 
of lime ; and, therefore, contained no phosphoric acid in solu- 
tion ; neither was it affected when sulphate of soda was dropped 
into it — a proof that it was equally free from^ad. We see then 
that the phosphoric acid in 7*0 ^rs. of anhydrous phosphate of 
soda is exactly neutralized by the oxide of lead in ‘20*75 grs. of 
nitrate of lead. Therefore an atom of phosphoric acid weighs 
3’5, and phosphate oflead is composed of 


Jdiosphoric acid . . 3*5 .... 20 .... 100 
Oxide of lead 14*(i .... 80 .... 400 

17*5 100 

Here then is the s(»iirce of lUi/elius’s mistakes. 11(‘ makes 
the com]>o^ition of phosphate oflead to lie 

Phosphoric acid 100 

lbotv)\idc of lead 314 

I do not know the reason ol this difierence. it must, I think, 


be owino; either tt) a mixture of (wo plu»-<|diates oflead, or to the 
formation of a compound ddferent bom neutral phosphate of 
lead. 1 (.ibtained a result approaching to that of lk;rzehus, when 
I attempted to determine the composition of‘ ])hosphate oflead 
by direct experiments, lint be the cause of the error what it 
may, there can be no doubt entertaineil of its (*\ist(*ne(^, at least 
by any person who will take the troulile to repeat tJie experiment 
which 1 have just de.scnhed. 

We sec that the weights of the atom of ])ln)sphoric acid and 
of lime are exactly ecpial. Hence neuti\il phosphate of lime is 
composed of 


Phosphoric acid 50 

Lime 50 


100 

When 1 first attempted to determine the w eight of an atom of 
phosphoric acid, 1 had recourse to salts of lime, knowing the 
perfect insolubility of pliosphate of lime in water. I (dissolved 
aeterminate* weights of carbonate of hm«* in muriatic acid^ evapo- 
rated the solution to dryness, and mixed it with a determinate 
weight of phosphate of soda; but I soon found that it is impos- 
sible to precipitate lime completely from a muriatic acid solution 
of lime (thfiugh perfectly neutral) by means of phosphate of soda. 
The solution of muriate of soda has the property of holding phos- 
phate of lime in solution, and the presence of lime is always 
mdicated in the clear solution by meaqs of oxalate of ammonia, 
which throws down a copious precipitate of oxalate of Kme. I 
have no doubt that fhjs solubility of phosphate of lime in feolu* 
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tions of muriate of soda, and probably in many other saline 
solutions, has misled experimenters in tlEieir afttempts to analyze 
the phosphates. ^ 

1 intend the first leisure opportunity to correct my old paper 
on phos])horic acid, and give it to the public. It contains many 
facts still unknovm to ch(3mists in general, notwithstanding the* 
experiments of Berzelius on the subject; and now that T am 
aware of what the true composition of the jdiosphates is, it will 
not be so diihcult to obtain accurate results. 

. f). The ( \a(d knowledgti of the weight of an atom of arsenic 

acid is of consid<^tahle importance towards the perfection of the 
atomic theory. Hitherto Berzelius is almost the only person who 
has made dirt cl e\p('riiii(uits to dettuiuine llu; atomic weights of 
arseiiioiis and arstaiic acids. He has concluded from his experi- 
ments, and the coiielusiun seems to liave been acfjuicsced in by 
chemists in general, that tin* owgt'ii in arseiiious and arsenic 
acids are to eaeli olln;i in liie lalio of d to o. It will be seen 
Iroiii the table near the iH'giniiing of tliis pajier, that my atomic 
numlKii for the weight of' an atom of' arsenic acid \ery nearly 
agrees witli that of Ber/.«‘lius, In a paper juiblished in a late 
volimu' of the Atuia/'^ of indeed, I endi'uvoured to 

show that the double of my number, or 1 1*.'), whicli very nearly 
agrees with the number actually pit<’li(*d on by Berzalius, is the 
real weight of* tlie atom of arsenic, acid. I'he objet’t which I 
had in mcw was to get rid of certain fractions wiiich disfigure 
the cMmipoMtion ol arseinous and arsdiii* acids as 1 represented 
them 111 tin; filth (dition of my System of Chemistry, 'fhe expe- 
riments which 1 am now going to relate will show how far these 
views «ire eon.*^]stent witli matter of fact. 

Ifarseiiiate of soda in crystals be, as I represented it in a pre- 
ceding paper, a eomj)ound of 1 atom arsenic acid = 14*5 and 
] atom soda — 4, then its composition must be as follows : 

• Ars< nic acid 14‘5 

}5*oda 4*0 

Arseniate of soda 18*5 

We have st;en already liiat nitrate of* lead is composed of 

Nitric acid ()*75 

Protoxidij of lead 14*00 

Nitrate of lead 20*75 

18*5 grs. of arseniate of soda previously kept in a stale of 
Igneous fusion for half' an hour in a platiniiiu crucible, were dis- 
solved in distilh d water. 20*75 grs. of tiitrate of lead were 
dissedved in another [lortimi of distilled water, and the two solu- 
tions mixed intimately with each other. After the arseniate of 
lead had subsided, the idear liquid w as drawn off and examined. 
When mixed witli nitrate of lead, a very copious precipitate feU^ 
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showing that the liquid still contained a great deal of arsenic 
ticid ; consequently the supposition that the crystallizable arse- 
niate of soda is a compound of one atom arsenic acid and one 
atom soda cannot be w^ell founded. This will appear still more 
clearly by the following experiment : 

Supposing that the crystallized arseniate^^f soda contained 
two atoms of arsenic acid united to one atom of soda, I took a 
quantity of carbonate of lime, equivalent to two atoms of lime, 
which is obviously 12*5 grs. ; for carbonate of lime is com- 


posed of 

Carbonic acid 2*1 Ty 

Lime 3vOO 

Carbonate of lime 6*25 


And 6*25 x 2 = 12*5. This quantity I dissolved in muriatic 
acid, evaporated the solution to dryness, and dissolved the dry 
salt in distilled water. 18*5 grs. of dry arseniate of soda were 
dissolved in another portion of distilled water. These two 
liquids were mixed together. I was surprised to find that no 
precipitate of arseniate of lime, or at least only a very slight one, 
appeared. The solution had the property of reddening vegetable 
blues. We see from tliis, that bmarseniato of soda is incapable 
of decomposing muriate of lime. When ammonia was poured 
into the solution, a copious precipitate of arseniate of lime fell 
In small silky needles. After the precipitate had subsided, the 
clear liquid was found to precipitate, when mixed wdth oxalate 
of ammonia. It, therefore, contained an excess of lime. This 
experiment show's clearly that the crystallized arseniate of soda 
is a binarseniute, and that an atom of arsenic acid w-eighs more 
than 7*25, the weight which I assigned in the fifth edition of 
my System of Chemistry. 

After a great many trials, which I consider it as useless to 
relate, 1 found that 19*5 grs. of binarseniate of soda and 4 1*5 
grs. of nitrate of lead, when separately dissolved in distilled 
water, and the solutions well mixed together, after all the arse- 
niate of lead had precipitated, left a clear liquid which contained 
no sensible quantity of oxide of lead, or of arsenic acid. Hut if 
18*5 grs. or 19 grs. of binarseniate of soda w’ere employed, aii 
excess of lead always remained in solution. From this experi- 
ment, it is obvious that the equivalent number for anhydrous 
binarseniate of soda is 19*5, and that it is a compound of 
2 atoms arsenic acid = 15*5, and 1 atom soda = 4. 

Hence an atom of arsenic acid, instead of w'eighiiig 7*25, as I 
supposed, w eighs fact 7*75, and arseniate of lead is a corn 
pound of 

Arsenic acid 7*75 

Protoxide of lead 14*00 

Arseniate lead 21*75 
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There is reason to conclude from the experiments made by 
different chemists on arsenic and arsenious acid, that the weight 
of an atom of arsenic is 4*75. It may be seen by consulting my 
System of Chemistry (either fifth or sixth edition) that Berzelius’s 
experiments lead to the conclusion that arsenious acid is a com- 
pound of 4*75 arsenic 4- 1*5 oxygen. The preceding experiment 
leaves no doubt that arsenic acid is a compound of 4*75 arsenic 
-f 3 oxygen. Thus we have these two acids composed as 
follows : 

• Arsenious acid of. . . 4*75 arsenic -f 1*5 oxygen 
Arsenic acid of. .... 4*75 4- 3*0 

We sec that the oxygen in these two acids has not the ratio 
of 3 to 5, as Berzelius supposed, but of 1 to 2. The anomaly 
of I 4 atom of oxygen combined with 1 atom of arsenic in arse- 
nious acid still continues. I have not yet hit upon a method of 
putting the atomic weight of an atom of arsenious acid to the 
test of an unecjuivocal experiment ; but 1 have little doubt that 
the true weight of <»xygen in arsenious acid combined with 4*75 
arsenic is 2 • and that the oxygen in arsenious and arsenic acids 
have to each other the ratio of 2 to 3 ; as is the case in sulphu- 
rous and sulphuric acids. I conceive the atomic weights of 
arsenic, arsenious, and arsenic acids, to be as follows : 

Weight of atom. 

Arsenic 4*75 

Arsenious acid fi*75 

Arsenic acid . 7-75 

The two acids are composed as follows : 

Arsenious acid 1 atom arsenic 4- 2 atoms oxygen 
Arsenic acid . . I 4-3 

I *do not despair of being able to decide this very important 
point hereafter by satisfactory experiments. In the mean time 
we may conclude that the ratio of 2 to 5, \>hich Berzelius has 
endeavoured to establish in the oxygen combining with phos- 
phorus and with arsenic, does not exist. This is a simplification 
of the atomic theory of some importance. 1 am thoroughly per- 
suaded that as we ])roceed in our investigations, the simplicity 
of the atomic theory w ill become more and more apparent. The 
complex numbers of Berzelius will all disappear ; and the appli- 
cation of mathematical reasoning will by and by enable us to 
advance with unexjiected rapidity in the chemical investigation 
of the vegetable and animal kingdoms. 
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On the Gcologi/ oj the Malvern Hills, By William Phillips, 
FLS. MGS L & (^. and Hon. Mem. of the Cambridge Philo- 
sophical Society. ^ 

The Malvern range of hills is peculiarly intori'sting as being 
surrounded by deposits which appear to have little geological 
connexion witii its i\>cks, as well as from llio remaikable cauii.- 
position of the latter. In the first volume of the Transactions 
of the (Jeoloo'ical Society, tlu'reis an iiitiavsting communication 
on the siih|ect, by Leonard Horner, Lstj. FKS.&c.; butliaving, 
as 1 imagine, observed some circumstances deserving ol‘ note 
which escaped the notice* of that uentleman, I venture to sup- 
pose them worthy of a place in the Anntils of Philosopiti/ ; and 
as it wtaild be dithciilt to render tlu'se ybservations mlelligible 
watlnuit gi\^n^ a general account of tlie range, 1 am induced to 
incorporate (hem with t'xtracts tiom the paper abovc-mentioiu <1, 
distinguishing such extracts by placing them betwtam inverted 
CO linn as ; tiuis idfording to the traveller a compreluaisive view 
of this singularly interesting range, but premising tliat he will 
find, in the fir^t volume ol the 'I'raiisacl ions of the Cieological 
Socic'tv, maiiv minutia' which do not a]»]>eni isMutiai to the 
present object, whicli is pinnaiily to sliow that tin* rocks of this 
range au* occasionally stratihed; and secondly, to do away the 
too commonly received and enon(‘ous opinion that tin y partlv 
consist of granite. 

The Malvern hills are situated in the •^oulh-w t‘st,( i n part of 
\Voicest( islnre ; the Ixumdarv which dividi s tin* coimtii's oi‘ 
M orcester and Hereford passi-s along tlu ir w ( stern side, 'fhev 
corisi-st of an immtrrnipted eham ot about nine miks m lenglli 
from iiortli to <outh, tlicir greatest hit adth not exceeding two 
miles. The several parts of the ('haiii prt‘.>tmt roundi-'ii sum- 
mits/’ hilt tile m ally continuous hue ftiruK'd by the summit of 
the central part td' the ruige forms a rc iiiarkahly narrow ridge, 
whieh, except here and tlieit', is, in eominoii with the rest of 
these hills, covered with short grass and moss : fern is also seen 
on the sides, except where the rocks ri»e from beneath the 
vegetatif)!!. 

'j’fn.' highest point of the range is the Worct'stershire 
Beaton, which is 144-1 1‘cct above the level of the sea; the 
Hereibrdshire Htracon, and iVorth Hill, arc somewhat lower.” 

The range is fbinked on the western side by limestone in 
remarkably regula/ strata dipjiing generally to the north or 
ri(U'th-west, at a low^ angle, and on the east, and the north and 
south extremities, by the IVevv Bed Sandstone or Bed Marie, 
.which is visible beside the road in two or three places on the 
south of Great Malvern, at a higher elevation than that place, 
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and at the nearest to it in strata dipping to the east conformable 
with the dip of the hill, it is, therefore, very considerably higher 
than the country on the east of the range which consists of-tbe 
same deposit. 

The soil which supports the moss and grass with which these 
hills are generally c»)vered appears, for a few inches in depth, to 
assume the character of vegetable mould, but that there is below 
it, and covering the rocks of which the hills arc constituted, a 
depth of loose earth, is not only evinced by the generally smooth 
surface of the hills, and by the occasional openings beneath the 
'vegetation, but also by the fresh mole-hills which are found in 
many places, and even near the summits of some parts of the 
range. This loose earth varies in colour from that of common 
sand to a fawn colour, and in substance sometimes resembles 
sandy loam in appearance : it is probable that it has resulted 
from the decomposition of the softer and mort* readily decom- 
posable rocks of these liUls, and it is owing to this decompositioii 
that the comj)aratively little opportunity for examining the 
nature of the rocks of this ranirc is conhned to those which rise 
here and there on the summits and sides above the grassy cover- 
ing, and to the sides ot‘ the carriage road which runs near its 
base for a considerabhi distance on both sides the lange, and 
round its northern ter.’iiination, and to tlie quarries at the latter 
plac<‘, and also Castle Morton quarry, about two miles south 
of Little Malvern to which may be added lh<‘ loose masses in 
tlu' ravine bt'hind (ireat Malvern, and in that between TSorth Hill 
and Lnd Hill. 

Il niu>t be acknowledged that it i> impossible to give 
to llu* rocks ol' tlu'se hills one general designation ; but they 
ap])(*ar to belong to sieiiite and tlu' trap formation, ddie differ- 
ence betvNeeii sieint(‘ and greeiistoiu* consists only in tlu* colour 
of tlu* f<‘lspar. d'licse rucks may, for the most part, be denomi- 
iiat(*d •greriist(»iie • often, however, llicy consist (kuddedly of 
sit*niU‘, and sometimo nia\ propiuly be termed siemtie green- 
stone ; occasionally i*pidotic, sienile. M'henever the lelspar 
appears in any considerahU- mass, either in the form of a bed, 
or stratuin, or of a ^ein, it is almost imifiuanly of a red colour, 
while ill those in which that substance in small grains (and 
is someliuK's so small that the rock aj)pears homogeneous), it 
is most coimnonly white, or of a greyish-white colour, more 
rarely red . 

The minerals of this range may be considered as being com- 
jirelieiided in the following list: 

Crystalline hornblende may be considered as- being the pre- 
vailing rock of these hills. 

Ilea felspar, often enclosing hornblende, sometimes mica, 
cpidote, or calcareous spar ; occasionally iiiterstratilied, and in 
veins. • 

An eaj}hy substance, sometimes resembling lithomarge, but 
I^eid Series, vol. i. * 
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^which appears to be hornblende in a peculiar state, probably in 
<^at of decomposition. 

•Mica in veins and beds, enclosed in felspar, &c. 

Ta/c, enclosed in felspar, &.c. 

EpidotCy both compact and crystallized in veins, and occa- 
sionally formino; an integrant part of the r(fck. 

Quartz, in veins, and imbedded in felspar. 

Hear If spar, in veins, &.c. 

Mai^uciic iron ore. 

The rocks of this range are for the most part, where they cap 
be seen above the surface, confusedh/ heaped iop^cther so 
that, except in two places, which will ])rcsentlv be noticed more 
particularly, no decisive appearances of stratification are to be 
observed, unless indeed we may be allowed to infer the exist- 
ence of stratification wherest)e\er the hornblende rock assumes 
a slaty structure, indicating the direction of the dip; if this 
inference be allowable, it may be assumed that stratification is 
more conunon to these rocks than it appears at first sight. 

The m arest place to Cireat Malvern at wdiich a strong ten- 
dency to regular stratification ap])ears, is about three miles on 
the soutliof it, and about 10(1 yards beyond the stone winch is 
inscribed ‘‘ Ledbury, four miles.” Tlie lads liere consist < hiefly 
of red felspar, from an inch or less to a i‘or)( m thickness, 
enclosing (piartz and hornidende, ran lv mica : tiie inters! ratified 
substances are, hornblende, oecasionally mixed with talc, and 
sometimes inchiding a thin la\er of red fehoar ami (piartz, or of 
granular felspar w ith horiibh'ude grt.utl\ rt ^ ambling mica, of which 
the slaty structure is parallel with the i)t(]s ol’ telsj)ar . iiere and 
there are layers of granular (juartz, mica, f(‘i>p;n, and iM/rnbiende, 
the plates of the mica lu'ing jiarallel wiin the gtm'ral du) of the 
beds; hmnbleiide, sometimes of a slaty stuicture, oc'casionallv 
occurs in the same direction, but it now -and then appears to 
pass iiit<> an eartiiy sub'^tance having somewhat the a)»p*t’ai anco 
of lithoinarge. Thes(,* beds vary from half an incli to a foot iii 
thickiK ss, and though not stratified with perieet regularity, are 
visible for nearly lOO feef in Ituigth, and 12 or M fe(‘( in heiglif, 
above which the hill is covered with veiduiH.*. Many of the 
beds may b(* traced for several feet. These beds dip at an angle of 
about 20 degrees to the north-east. 

In this place, these beds are traversed by a dyke of green- 
stone, about two feet wide, except that it narrows a little about 
18 inches above the road, and dijiping nearly nortli, at an angle 
of about 70” with the horizon. The lop of this dyke protrudes 
above the beds^it traverses, as is represented in the following 
sketch, but it was not to be perceived that these beds were at 
all disarranged by it, the portions of them next to it not being 
turned either upwards or downwards; nor did they seem to have 
suffered any alteration of texture of appearance where the con- 
tact was complete. The greenstone of the dyke is so .remark- 
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ably fine-grained as to require the assistance of a glass to 
discover tiiat it is a granular rock, and it lies in narrow layers^ 
running nearly parallel with the sides of the dyke, but which ar® 
traversed by crevices not quite at right angles, so as to divirle^ 
the layers into quadiKingular masses, which, though liaid, 
so small and brittle as scarcely to afford a surface of a squar® 
inch from a blow by the hammer. This ap|)eared to be the only 
instance of a true dyke or vein among the rocks of the range. 


Pursuing the road from Great Malvern towards Ledbury, th® 
rocks on its side c-oiitim;e to present some, though less decided 
inarks of strat dicat ion, until tlie road turns nearly due west; and 
just bt'fore it has attanud the summit of the rise, a quarry 
aj^penrs on tin* top of the hill on the rigid, perhaps lOO feet 
above till' mad. 'fhis quarry is open to the south, and here 
stratifiiatiun is (»b\ious (fom below. On ascending it, the 
aj)[»caran(:e eoidirmed ; slratdication ajijx ars witii nearly 
the same dip, but v\ith much gieater n o'ulanty than is apparent 
in tht‘ iieds lu'iii the foui-mih' stone. 'J'lie quarry is opened for 
iipuat(K ol' loo f('(<t in hmgtli, and 40 h;et in luaght; and several 
beds of the red felspar, \shich is the proNuiling substance, may 
be trad'd \ t r>, littli slnut of the whole length, many of them: 
U})wanK ofdO feet, dtpeiuii'iit on the fall on the sides of the hilL^ 
Tlu beds ol' feUpai art thinnest near tlie summit; and the inter- 
stratdivd suhstaiK'i*^ rt'semlile tho.se of llie preceding instance^ 
vviih SMiiie except!' >n>. Some of the up[)er beds present inter- 
stratifi( atioiis of fel'^par, horuhlende, and mica tfjaiid enclose 
small masses of at 1 1 active iron ; others of slaty hornblende 
miiigh d witli (juait/; otlnus again of felspar and hornblende,. 
One stialum, abo\e tim e inches in thickness, consisting wholly 
of slaty lioi iihleiule greatly reseinhling mica, may he traced 
for alituit 40 feet lu length along nearly the middle of the^ 
quarry. 

In the fr»>nt of tlu' quany, and so detached as to allow ® 
passage ))ehind them, whence the rock had been taken away^ 
stood two enormous blocks, each not less than 20 feet m 
height, and 10 t'cet in other directions, of slaty hornblende, of 
which the schistose structure was parallel with the dip of the 
regular beds, which the summits of these blocks still supported. 
The upper parts of these masses, where their structure was mos^ 
regular, contained thin layers of red felspar enclosing quarts f 
these fayers nearer the centre were less regular, and near th* 

B 2 
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bottom were quite irregular: the hornblende here assumed a 
inore crystalline structure ; and here, if not in most other places, 
the red felspar is not crystalline, but either compact, or 
|rranular. 

In several places on the eastern side of the range, and parti- 
cularly within a mile south of Great Malveffi, many of the rocks 
in which hornblende greatly prevails, have that schistose struc- 
ture which has been mentioned as being parallel with the beds 
sdoove described : here, however, if this structure is to be consi- 
dered as indicative of the direction of the strata, they will, for 
the most part, be nearly perpendicular to the horizon, but mostly 
with a slight inclination towards the north. In no other place 
do marks so indicative of stratification appear. 

The Wych affords an excellent opportunity of viewing the 
rocks of that part of the range : it exhibits a complete jumble of 
most of the rocks discovered in it, not without some appear- 
ances of stratification, which by due* examination prove to bo 
fallacious. 

Granite, rarely presenting the same appearance us that of 
Alpine countries, — not decidedly crystalline,— in which sometimes 
the quartz, sometimes the mica, is wanting,’' has been described 
us being the prevailing rock at the Wych, as constituting a great 
part of End Ifill, and the upper part of North Hill, and Swinnit 
hill ; but it is also acknowledged that the mere term granite 
would convey to most mineralogists an erroneous idea of the 
nature of these rocks.” An anxious search among these rocks 
uvery where for more than three parts (►f the way along them 
southwards from their termination on the north, did not satisfy 
me that even a single hand-specimen of well-cliaraclerized granite 
nould be found. Granite is commonly understood to be a rock, 
in which its ingredients, quartz, felspar, and mica, ani all 
decidedly ci*yslalline, w ithtmt the appearan(*,e of one of tliem as 
an imbedding substance. In the ‘‘ granite ” of fins range, the 
felspar is invariably an imbedding substance, and compared with 
liornblende, is rarely the imbedded substance; itmayhesaid rarely 
to contain either quartz or mica, although each is sometimes 
well defined, but never, as far as my observation goes, is unac- 
companied by hornblende, ilornbleiule is moreover the prevail- 
ing rock of the range. In the quarry on the side of the road to 
iedbury, hornblende rock supports the stratified granite ; ” 
and in Castle Morton quarry, ou the eastern side of the range, 
large blocks of red felspar enclosing quartz and calcareous spar, 
^ire imbedded in hornblende rock. These masses sometimes 
appeared like sjiort thick veins crossing each other in various 
directions, of which the terminations were mostly visible. It 
appears, therefore, impossible to consider this red felspar as a 
granite, and probable that the only reason why many, if not most 
«>f the projecting rocks of the rangft exhibit a considerable pro- 
^rtiop of this granite/' is, that the hornblende by^\Yhich it 
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was heretofore flanked, and perhaps covered, has been decom* 

E osed and converted into the red earth, every where visible 
eneath the verdure, and often to a considerable depth ; and it 
is to this decomposition that we are to attribute not only the 
generally smooth sur/ace of these hills, but also the existence of 
numerous masses of greenstone, sienite, and red felspar, in the 
valleys, on the sides of the hills, and which still remain ia 
great quantity imbedded in the reddish earth : all these por- 
tions of rocks are still angular, without exhibiting any appear- 
ance of having suffered by attrition. 

The alleged origin of this loose reddish earth seemed the more 
plausible from finding that the hornblende rocks, which were ia 
a state of decomposition, yielded an earth of the same colour and 
appearance beneath the hammer. Near the summer house oa 
the top of the ridge, west of Little Malvern, it contains portions 
of a rock which have greatly the appearance of mica slate, and 
also masses of white quartz ; while on the western side, near the 
foot, columnar masses of sandstone mostly quandrangular, and 
sometimes a foot in length, and containing internal ochreous 
spots, are found in loose earth beneath the verdure. 

The foregoing facts, together with an examination of the pro- 
jecting rocks of the range, of the varieties of which some 
account is annexed, appear sufficient to induce the conclusion^ 
that all are to be considered as sienitic, or belonging to the trap 
formation, but of a peculiar character. 

Annexed is a sketcli of a mass 
of highly cryslalline hornblende, 
about four feet long, and three feet 
in other directions, which I ob- 
served lying in the valley between 
North flill and End Ilill. The 
^Weins w'ere of red felspar, enclos- 
ing hornblende. This sketch will serve as a fair specimen of 
the general directions of the “ granite veins of this range. 

In other masses, the veins were of epidote. 

Rocks of the Malvern Hills, and their principal Localities, 
Hornblende is the prevailing substance of the rock at Castle 
Morton quarry on the eastern side of Swinnit Hill. It ie 
highly crystalline at that quarry, and sometimes contains 
rounaish masses of calcareous spar, in other places specks 
of red felspar. It is sometimes traversed by red felspar in 
every possible direction, in veins which cannot be considered 
other than contemporaneous, from the ICkh of an inch to a 
foot in thickness, and rarely of any considerable length, and 
often terminating abruptly. Thin veins of calcareous spar 
traverse the red felspar in various directions, striated con- 
trary to the run of the vein ; it often contains hornblende 
rarely mica. It is also the prevailing ro^k of the quarry at 
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the northern pa. • the range. Hornblende rock passes 
into a 

^ Substance of a (Imicynm colour y imperfectly slaty texture, 
and earthy fractim , and of smooth surface, abounding at the 
Wych,” and having the appearance of forming a bed there : 
it is interstratified with beds of red fekpar, a Tittle south of 
the four mile-stone between Great Malvern and Ledbury^ 
That hornblende passes into this substance will become 
manifest by the use ( fthe hammer at the Wych. 

Creensione amt sieir/ic rocks, both large and small grained, 
abound on the mi! n of End Hill and North Hill, and occur 
on their summits. Very fine grained greenstone occurs in 
a columnar form, breaking readily parallel to two of its 
planes, and sometimes in the form ot an obtuse rhomboid, 
as near the summit of the Worcestershire Beacon, and on 
End Hill. A hard and somewhat schistose rock of horn- 
blende and felspar in minute grains occurs in situ on the 
western side of the range, south of the Worcestershire 
Beacon : on the eastern side, a little south of Great Mal- 
vern, are rocks of crystalline hornblende, enclosing specks 
of red felspar and quartz, the mass being traversed by veins 
of epidote. Slaty hornblende enclosing specks and larger 
portions of felspar occurs at the Wych. 

Jfornblende, reddish felspar, and quartz, in small grains, 
constitute some of the rocks of End Hill and the summit of 
North Hill, and form a prevailing rock of these hills. It 
sometimes contains magnetic pyrites, veins of epidote, and 
sulphate of barytes.*^ 

Hornblende, felspar, quartz, and a little mica, ** constitute the 
rocks on the west side of End Hill ; and on the side of the 
road leading up to the Wych,’’ hornblende prevails in the 
latter, and the rock is schistose. 

Hornblende, 2vith a few spangles of mica, and a little felspar, 
on the ridge connecting North Hill and End Hill.” 

Hornblende mid mica ‘‘are the constituents of rocks on the 
top of the hill betw’een the Worcestershire Beacon and the 
Wych.” 

Hornblende and mica, “ in a state of decomposition, mijed with 
red felspar ; rocks of these constituents, and of a slaty 
structure, occur on the north-east side of the Worcester- 
shire Beacon, and on the road leading from Great Malvern 
to St. Anne’s Well.” 

Hornblende and epidote, “ with specks of mica, and contain- 
ing veins of epidote, constitute rocks on the north side of 
End Hill.” Rocks of highly crystalline hornblende enclos- 
ing specks of red felspar and epidote (sometimes without 
the latter), are found in various places near the northern 
termination of the range. t 

Compact fekpar, ** of a pale flesh colour, is the prevailing 

• f ** 
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rock on the side of the road as it rises along the side of the 
valley above Little Malvern, and winds round the northern 
face of the Herefordshire Beacon/’ • 

Felspar and quartz^ with a little mica and cpidote, are de- 
scribed as. principally composing the rocks of the western 
side of the rang?!” 

Compact felspar^ hornblende^ quartz^ and steatite, of an earthy 
texture, imbedding detached crystals of felspar, form a 
rock on the south side of Holly Bush Hill/’ 

Opaque quartz and silvery mica, in the form of a vein, occurs 
on the side of the road leading up to the Wych/’ 

Felspar and mica, united by a ferruginous clay, as far as 
the closeness of its texture would admit of decision, formed 
a massive rock exposed on the south end of the range, 
called Ragstone Hill by the quarriers. The rock is of an 
olive-green colour, and is occasionally traversed by veins ^ 
of calcareous spar.” 

•Conglomerate, ‘‘ fine grained, of a dark-brown colour, and* 
composed of felspar, steatite, and calcareous spar, united 
by a ferro-argillaceous base, and containing some minute 
specks, of a greenish yellow substance, in diverging fibres, 
which is probably actinolite^ This rock, which occurs a 
short way to the south of the Herefordshire Beacon, 
attracts the magnet/’ 

Conglomerate, of rounded masses and crystals of quartz and 
felspar, with some hornblende united by an argillaceous 
cement, in the new road lately made on the side of North 
Hill. 


Article III. 

An Account of a remarkable Stratum of Limestone, situated at 
Calder Side, {With a Plate,) 

The stratum of which, in the following pages J have endea- 
voured to give some account, is situated in the farm of Calder 
Side, in the parish of Kilbride, about U) miles to the south of 
Qlasgow; and occurs in the position noted in the following 

tables 

Feet. Indies. 


Afliivkil earth. 

Bituminous shale. 

ironstone, and reddish4»laGk bitumi- 
nous ftcbisttts 9 0 

Pieffomted stratum, to be described 1 0 

Very thin stratum of reddish-black sebistus^ 

Iron^ne • 0 2^ 

Sohistus aboumdtag in quartz sandw • . . . . • 0 6 
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Feet. Indiei. 

Intercepted stratum of quartz. 

Marly schistus, intermediate in colour between 
greenish-grey and yellowish-grey, and con- 
taining the charred remains of vegetables. 0 10 


Coal ^ 0 li- 

Bituminous shale 0 2 


Bituminous shale, differing from the preceding 

in being filled with nodules of ironstone ..11 1 

Limestone. 

Schistus containing petrified entrochi, but no 

ironstone nodules 4} 0 

Lime of considerable thickness, and wrought 
for the purposes of sale. 


These strata are laid open to view on the side of a steep bank 
overhanging the stream of the Calder, on Mr. Young’s property 
of Calder Side ; and a short distance further up the stream than 
Calder Wood, the seat of Sir W. Maxwell. 

The stratum of perforated limestone is the phenomenon which 
here attracts the notice of the naturalist. A representation of 
its appearance, as seen at Calder Side, is attempted in the 
sketch of the section of the strata (PI. 1.) mentioned in the 
table, and 1 shall request your indulgence in my endeavours 
now to describe it at somewhat greater length. 

To account in a satisfactory manner for the formation of any 
stratum, or to explain the causes which have produced the most 
common geological appearances, are, perhaps, equally beyond 
the pow er of human talent, as to account for the formation of 
the perforated stratum of Calder Side. For these reasons I 
shall endeavour to confine myself to a mere descrij'tion of the 
appearance of this stratum, and avoid any speculations as to its 
origin. It must be owned at the same time that while the 


common occurrence of many wonderful and inexplicable geolo- 
gical phenomena divest them in our eyes of the remarkable 
features which they in reality possess, that the imagination is 
almost inesistibly set at work, when so singular an appearance 
presents itself, as the one now under consideration. 

This stratum probably con.sists of millions of blocks resem- 
bling those figured at fig. 2, for a great part of it is still covered 
by the .superincumbent strata of schistus, &c. When observed 
in their natural position, these blocks are placed on end, their 
upper and low er ends forming the upper and under superficies of 
the stratum, which is here nearly in a horizontal position, and 
when first exposgc^by the removal of the superincumbent strata haa 
tl^ appearance of a pavement similar to some parts of the Giant’s 
.^Causeway, from the ends of the blocks being so exactly fitted, 
and dovetailed into each other. This pavement is, however, 
hollow, and a labyrinth of concealed apartments exists in its 
interior, for the blocks which at their extremities are nicely fitted 
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into each other are worn away, as it were, at their centres into 
the form represented at hg. 2, and fig. 1 , section of the perforated 
stratum. 

The hollow parts of the stratum are filled with a fine earth, 
which has much Resemblance to Armenian bole, and is coloured 
with iron, being stained and streaked, of various tints of red, 
orange, and yellow. This fine earth is constantly moist, and as 
soon as it is exposed to the air, it becomes covered with a luxu- 
riant coating of vegetation, consisting of a minute species of 
conferva, whose thin roots, resembling the fibres of a spider’s 
web, penetrate it in all directions. Such an appearance would 
have afforded matter of speculation to Dnhamel and Henkel, and 
might have assisted these philosophers in their researches rela- 
tive to what has been termed the equivocal generation of plants.’*' 
Have the diminutive seeds of these confervm remained concealed 
for ages, locked up in the interior of a stratum of limestone, and 
buried beneath various strata ofschistus and ironstone, and still 
retained the power of germinating as soon as exposed to the air 
of the atmosphere ? 

The uj)per and under superficies of the perforated stratum are 
thickly covered with petrifactions consisting of a lesser variety 
of entrochi, and a quantity of shells of the genus ostrea, the 
substance of wliich does not appear to have been much changed 
by the petrifying process. At the time when these shells 
became imbedded m their present situation, the animal inhabi- 
ting them could nut have been alive, as the valves are all of 
them found separate, and what is remarkable, those situated 
both on the upper and under superficies of the stratum have the 
interior superficies of the valve almost invariably turned tow ards 
the stratum. In the body of the blocks only a few entrochi, 
and none of the bivalve shells occur. A few' of the shells and 
some of the entrochi coat the surface of the intersticial vacui- 
tie*s. What a strange variety of causes must here have been 
called into action to produce the eriects to be observed here : 
on the upper and under superficies of the stratum we have petri- 
factions resembling each other in their nature. In w'hat maybe 
termed the body of the stratum, w^e entirely w'ant the more 
recent and perfect of these petrifactions ; viz, the bivalve shells, 
and have only a few of the entrochi. 

The same law which seems first to have acted in the formation 
of the perforated stratum seems also to have exerted its influence, 
although only to a very limited extent, upon the superincumbent 
strata of schistus and ironstone ; for these strata .seem to show a 
tendency to separate into somethiag of a crystalline structure, as 
it were approaching to very imperfect basaltic columns in the 
direction of the lines ABC, fig. 1. 

If we could suppose^ that previous to the blocks composing 


See Henkers Flora SatumiiumB, chap, it p, 35 and 36. 
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the perforated stratum having assumed their present form, they 
had been detached into distinct crystals by some process similar 
to what basaltic columns owe their origin to, part of the mystery 
might beconsidaied as unriddled; for no accidental rocks could 
have separated the stratum into these distinct blocks ; but stiU 
the blocKs becoming each of them thinner towards their centre 
is to be explained. Could a stream of water percolating through 
the interstices have reduced them to this shape ? I rather fear 
that the laws of hydraulics forbid such a supposition. The 
middle part only of each block is worn away ; both ends remain 
entire. Must we not, tlierefore, conclude that some extraordU 
nary operation depending on chemical laws has at once Ibrmed 
eacli separate block into its present form ! but here I must call 
to recollection the inadequacy of such speculations to explain 
the subject of the present paper, and contiae myself to a relation 
of facts. 

Many years ago 1 had an opportunity of viewing from a short 
distance an appearance which, if my memory does not fail me, 
bore a considerable resemblance to the perforated stratum of 
Calder Side. It was what seemed to be a range of holes resem- 
bling in form the holes made by the Sand Martin (Hirundo 
Riparia) in banks of sand, in w hicli these birds construct their 
nests. The holes which I allude to were situated in the front 
of a steep rock overlianging tlie river Sotha, near the celebrated 
falls of Trollhatta. It was* ni passing down the river in the dusk 
of the evening that I saw them, so that I could not observe 
whether the rock was stratified or not; and indeed I siiould 
probably not at all have remarked them had not the boatman 
who conveyed me down the river pointed them out to me, 
remarking at the same lime that they were the residence of 
spirits ; and that during the fine nights in autumn, a bright 
light was seen to issue from them. Most probably our ances- 
tors would at once have referred the perforated stratum of Calder 
Side to the times when various places in Scotland were peopled 
by the fairies of popular superstition, and dated its origin at the 
ll^ds of supernatural beings, and explained its uses as forming 
the abode of the spirits of the wood, or of the flood. 

Fig. 1, is a section of the strata at Calder Side. 

Fig. 2, two of the blocks composing the perforated stratum 
of limestone, taken from their place, and seen in perspective as 
placed upon a wall near the spot. These blocks consist of what 
may be termed an argillaceous limestone of a bluish grey colour, 
and of a very slaty texture. It appears to contain much 
bitumen. 



1921 .] 


Action of Chlorides and Water. 
Article IV. 


*T 


On the Action of Chlorides and Water, 

By Richard Phillips, FRSE. FLS. &c. 

Diffehent opinions appear to be entertained by chemists of 
the greatest eminence and experience as to the changes effected 
on those chlorides that are soluble in water by solution in it. . 
On this account I propose to state such opinions as I have 
found detailed on the subject, and I shall endeavour to collect 
the evidence which has been adduced in support of the different 
view^s entertained. 

The question to be solved may be thus stated : When a chlo- 
ride is dissolved in water, does it remain a chloride, or is it by 
decomposing water converted into a muriate ? It is further to be 
considered, whether the same explanation will apply to all the 
aqueous solutions of chlorides. 

With respect to the non-mctalli(i chlorides, it to be observed 
that one of them, viz. chloride of azote, is insoluble in water^ 
and consequently no change is effected in the properties of either 
compound. The chlorides of phosphorus and of sulphur on the 
other hand act with great energy on water, and offer incon- 
trovertible evidence that water in these cases suffers decompo- 
sition, for the products are such as do not combine with each 
other, but exist in a state of mixture in the water, each possess- 
its peculiar properties. Tims when chloride of phosphorus and 
water undergo mutual action, the oxygen of the water forms 
phosphorous acid with the phosphorus, and the hydrogen unites 
with the chlorine to form muriatic acid. The perchloride of 
phosphorus effecting similar decomposition yields phosphoric 
and muriatic acids ; and when chloride of sulphur and water 
undergo mutual decomposition, there arc produced sulphurous, 
sulphuric, and muriatic acids. 

Sir II. Davy (Phil. Trans. 1810) observes, that when w'ater 
is added in certain quantities to Libavius’s liquor, a solid crystal- 
line mass is obtained, from which oxide of tin and muriate of 
ammonia can be obtained by ammonia. In this case, the oxy- 
gen may be conceived to be supplied to the tin, hydrogen to the 
oxymuriatic acid.” In the Phil. Trans, for 1810, he states more 
distinctly that Libavius’s liquor is converted into a muriate 
by water.” 

In his Elements of Chemical Philosophy, Sir H. Davy ha* 
been, in many instances, quite explicit on this point; and hia, 
opinions are favourable to the idea that chlorides become 
muriates by being dissolved in water. Thus he states that the 
perchloride of iron acts with violence upon water, and forme 
a solution of red muriefte of iron ; ” and he observes that the 
protomuriate forms a solution of green ipuriate of iron by ita ^ 
actiob upon water.” 
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In Dr. Thomson’s System of Chemistry, I do not meet with 
any detailed opinion on the subject. He states, however, that 

chlcfiiile of antimony is decomposed when mixed with water, 
white oxide of antimony, and muriatic acid, being formed.” — 
(•V ol. i. p. 584.) In treating of the muriates generally, he refers 
them to the chlorides, and of muriate of barytes he says, this 
salt likewise will be found under the name of chloride of 
barium ; ” and he states that the crystals of chloride gradually 
deposit.” From this it w^ould appear that the crystalline salt 
usually termed muriate of barytes is considered by Dr. Thomson 
to be a chloride ; and in the Aimals for November last he consi- 
ders chloride of barium as converted into muriate of barytes by 
solution in w ater. 

Mr. Brande in his Manual (p. 174), describing the properties 
of metallic chlorides, observes, that some are soluble, others 
insoluble, in water. Several of them decompose w'ater, giving 
rise to the formation of muriatic acid and an oxide ; or in some 
cases to a muriate.” Mr. Brande has not, I think, pointed out 
instances of the production of these different effects, but from 
his stating that chloride of potassium dissolves without decom- 
position in water, it would appear that he considers it to remain 
a chloride in solution. Mr. Ilrande, however, states distinctly 
that when chloride of manganese is dissolved in water, it 
produces muriate of manganese.” The chloride and perchloride 
of iron produce also he admits muriate and perrauriate of iron 
when acted upon by water, and lie allows similar decomposition 
of water, and the consequent formation of oxide and muriatic 
acid, to the chlorides of zinc, tin, copper, and antimony. 

M. Thcnard in the first edition of his Traite de Chimie (1816) 
states, without any reserve, that all chlorurets, when dissolv- 
ing in water, decompose it, and become hydrochlorates : they 
thus effect the decomposition of water in the same w^ay as the 
iodurets, and the two principles of the w ater, the oxygen and the 
hydrogen, unite ; the first with the metal, and the second with 
the chlorine.” In the second edition of this work (1817), 
M. Thenard maintains the same opinion : he states, however, 
several of the difficulties which attend both opinions. 

M. Gay-Lussac, on the other hand, in his memoir on iodine 
(^Annnlsy vol. v. p, 126), observes, ‘‘ We ought then to admit it 
as a certain fact, that the muriates are all changed into chloru- 
rets, when melted, or even when dried, and some of them even 
by being crystallized. We may suppose, as we have done for 
the iodurets, that the chlorurets dissolve in water without 
undergoing decomposition, and that when we unite hydrochloric 
acid with an oxide, the hydrogen of the acid, and the oxygen of 
the oxide form w ater. Whether this be the case or not, nothing 
but chlorurets exist at a red heat.” In subsequent parts of the 
same memoir, M. Gay-Lussac says, f believe that accarding 
to the nature of the svbstance with which the chlorine is com- 
bined, the chlorurets may dissolve in water without undergenng 
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decomposition, or being changed into hydrochlorates during 
that solution.’’ He further states, '' 1 admit as a principle that 
we ought to have a chloruret or a hydrochlorate in solution, 
according to the forces which act in order to decompose water 
are greater or less than those which keep its elements united.” 

In attempting to elucidate this as well as every other subject, 
it will be better to begin w^ith those cases which are too obvious 
to admit of question, and proceed to those which are more 
obscure. There are some cases of the action of water upon 
chlorides which prove, 1 think, incontestably the decomposition 
of the water, and the union of its oxygen with the metal, and 
its hydrogen with the chlorine — I mean the effects observed 
when the chloride of bismuth and of antimony are acted upon. 
It is quite evident that oxides of these metals are precipitated, 
and that muriatic acid remains in solution. It will be unques- 
tionably admitted, whether we dissolve a metallic oxide in 
muriatic acid, or take the dry compound which remains after 
evaporating such solution, and exposing it to a red heat, and 
dissolve it in water, that the solutions obtained are in all respects 
similar. Thus when we dissolve peroxide of iron in muriatic 
acid, wc obtain a red coloured solution; and a similar effect is 
produced, if we dissolve the perchloride of iron in water, 
iloth solutions it will be admitted contain either chlorides or 
muriates. 

When iron is put into dilute muriatic acid, it is well known 
that hydrogen gas is evolved, and the iron dissolved. Now if we 
conceive this solution to contain chloride of iron, w e must sup- 
pose that the hydrogen evolved is deri\ed from the decomposi- 
tion (d’ llu’ muriatic acid, and not of the water ; and as we obtain 
a similar solution by dissolving pi\)toxide of iron in muriatic 
acid, we must suppose that the oxygen of the oxide unites with 
the Ijydrogcn of the muriate acid, that water is formed, and 
chloride (if iron remains in solution. 1 say we must admit the 
cj volution of hydrogen from the decomposition of the muriatic 
acid in the. first case, or vve must make the improbable suppo- 
sition that iron, wdnlc dissolving, decomposes water to receive 
oxygen from hydrogen, and that immediately afterwards it 
yields the oxygen to the hydrogen of the muriatic acid, and thus 
produces chloride of iron. 

From these considerations, I think it will involve fewer diffi- 
culties to consider this solution as containing a muriate rather 
than a chloride. We have in this case only to admit, as is 
indeed goucrally allow ed, that the hydrogen is evolved from the 
decomposition of the water, and not of the. acid ; and when the 
oxide of iron is dissolved in liquid muriatic acid, we must con- 
jsider that the oxygen of the oxide and the hydrogen of the acid 
do not form water, but remain combined, the first with the iron, 
-and the hydrogen witbPthe chlorine. • 
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There are other .considerations which tend to strengthen the 
0 |>inion that the chlorides of iron become muriates by decompos- 
ing and dissolving in water. If to these solutions we add an 
alkali as potash or soda, oxide of iron is precipitated. Now we 
must either admit that oxygen is transferred from the alkaline 
oxide to the iron, which is a possible case, ^that the iron pre- 
viously existed in the state of oxide, or that by some operation 
similar to that which has been called predisposing affinity, the 
decomposition of water is effected at the moment of the presen- 
tation of potash to chloride of iron. 

As ammonia contains no oxygen, and as it decomposes solu- 
tions of iron as readily as potash, the cases are reduced to two, 
viz. either that the iron exists in the state of oxide, or that it 
becomes so by the intermediate action of the ammonia. It 
appears to me that the first is the most probable case, although, 
as 1 shall presently notice, the latter is a possible one. Among 
the reasons which may be advanced for supposing the solution 
to contain a muriate are the facts already adverted to of the 
decomposition of chloride of antimony by water; another reason 
is that that there are some acids which form insoluble compounds 
with the oxide of iron, such as the phosphoric, f or example. If 
then we add a solution of phosphate of se>du to a solution of 
muriate c»r chloride of iron, phosphate of iron is preeipitatf‘d, 
which consists of the acid united to oxide of iron, and we are, 
therefore, reduced eitlier to admit that the iron exists ip xhm 
state of o\i(le, or that chloride of iron decoiufioses water by the 
addition of a solution of phosphate of soda, for which there 
appears to be no suthcient cause, nor do J recollect the occur- 
rence of any such case. 

The action of water upon tlie chlorides of potassium, sodium, 
barium, &c. does nut apjiear toha\e been moix' decided upon by 
chemists than other (‘iilori<les Dr. Thomson, as I have aln ady 
noticed, considers that cliluride of barium by solution in water 
becomes a muriate; uhert*as M. (iav-Lussac, in a note to a 
memoir I have already alhidi d to, says, On mixing solutions of 
chloruret of calcium and sulphate of aimnonia nearly in equal 
volumes, the temperature scarcely rose one degree of rahreiilieit, 
though such a quantity of sulphate of lime was formed that the 
whole mixture became solid. The solution of chloruret of'barium 
treated in the same way produced an elevation of about 
From these it would seem that in the solution of chloriint of 
calcium, the metal is in the state of an oxide, while in that ot 
chloruret of barium the metal is still in the metallic state. ’’ With, 
respect to the chloride of barium, I am certainly much more 
inclined to adopt the opinion of Dr. Thomson than of M. Oay- 
Lussac ; for it appears to me extremely difficult to discover by* 
what kind of action water is decomposed when sulphate of soda, 
example, is added in solution of clilonde of barium,' and 



1821.] Action of Chlorides and Water. 31 

indeed this very decomposition on this principle must, I think, 
prove fatal to what seems to be M. Gay-Lussac's opinion that 
chloride of sodium is not decomposed by water. Ii this*latter 
supposition bo true, then, when sulphate of soda and muriate of 
barytes suffer mutual decomposition, the muriate of soda which 
is formed must e>^Ist as such only for a moment, and water must 
be recomposed to form the chloride he supposes to exist. 

That the different temperatures which are occasioned by dis- 
solving certain chlorides m winter cannot, 1 think, be deemed a 
criterion for determining the question may be inferred from a 
yery ingenious paj)er, contained in voL xii. p 42, of the Annales 
de Chimie. In this memoir, upon the analysis of mixtures of 
the chlorides of potassium and sodium, it is stated that under 
similar circumstances a given weight of chloride of potassium 
sinks Fahrenheit’s thermometer 2()*o2°, and the same quantity 
of chloride of sodium depresses it under the same circumstances 
only 3*42°. Now it can, 1 think, hardly be supposed that bodies 
so similar in their atlinity for oxygen, as potassium and sodium, 
should differ in their action on water when combined with chlo- 
rine. We may consider these ehlorides and that of barium as 
converted into muriates by solution. 

With respect to the chloride of potassium and sodium, there 
are otluu’ reasons for believing them to be converted into mu- 
riates by solution in water. In the first place, these metals have 
strong affinity for the oxygen of water, and so also has the 
chlorine for its hydrogen, becoming muriatic acid wdien its 
a<pieous solution ?s C‘xposed to the solar light. As, however, 
chlorine and these metals have also great affinity for each other, 
it is certainly possible that this mutual affinity may diminish or 
destroy their s(‘parate attraction for hydrogen and oxygen. It 
must be granted, as before noticed, that whether we dissolve 
dry chlorides in water, or saturate liquid muriatic acid with 
metallic oxides, that similar solutions are produced. 

If t() the solutions of chloride of sodium or potassium we add 
sul[)huric acid, their respective sulphates are formed, and a 
similar effect, muiandis, is produced when tartaric acid 

is used with the solution of potash. 

Now ill these operations, one of two cases must occur. 
Supposing we have dissolved potash in muriatic acid, and the 
result to Ge solution of chloride of potassium, water must have 
been formed, we then add tartaric acid, and this possesses the 
power of so acting upon the elements of the solution that water 
IS again decomposed, and muriatic acid and potash again result, 
as IS evident Gy examining the solution, and the crystalline 
deposit of the bitartrate of potash. 

The other case is simply this ; viz, that the chloride of potas- 
sium immediately decomposes water, and tlien there is no ne- 
cessity for attributing this power to the intervention of the sul^^ 
phurjp or tartaric acid. • 
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Ther€ is one case which I have already hinted at which 
appears to me difficult of explanation upon any supposition, 
'^hen chloride of mercury is put into water, as already noticed, 
neither solution nor action takes place : if we add potash to the 
mixture, protoxide of mercury is immediately precipitated. Now 
in this case it would certainly appear to be «iiost probable that 
the oxygen is supplied by the potash, the chloride of potassium 
formed remaining as such in solution. If, however, we substi> 
tute ammonia for potash, still the decomposition is effected, 
muriate of ammonia is formed, and protoxide of mercury pre- 
cipitated. In this case it would seem that water is decom- 
posed by the intervention of ammonia ; for not containing any 
oxygen, it cannot yield it, as the potash may be supposed to do. 
It IS difficult, I think, to explain tnis action, and on this account 
I am far from denying llie possibility of tartaric acid to effect 
that decomposition of water wliich may be supposed to occur 
when it acts upon clilorine, potassium, and water. Certainly 
what ammonia appears to do in the case of chloride of mercury, 
tartaric acid may effect in that of chloride of potassium. 

In vul. vi. p. 18o, of the Anuals, M. Cay-Lussac says, ^‘Wheu 
a solution of chlorurct of calcium (which he supposes to exist in 
solution as such) is mixed with subcarbonate oi‘ ammonia, the 
chlorine must pass to the state hydrochloric acid, in order to 
combine ^^ilh the ammonia ; ’’ and further on, he observes, ‘‘ It 
is the difference of solubility of subcarbonate of lime and hydro- 
chlorate of ammonia, which occasions the double exchange of 
the bases and acids ; and consequently it is on account of that 
difference of solubility that water is dt coniposed.^’ 

Nowwitli much deference 1 think this rt‘asoning can scarcely 
be admitted. Surely the insolubility of irarbonate (d'lnm; cannot 
act until the curl^onute exists, an<l the decomposition, for which 
this insolubility is adduced to account, must occur before it. If, 
however, the kind of reasoning' employed by M. Ciuy-laissac is 
admitted, then we may certainly account for the decomposition 
of chloride of niercurv, by supposing that it results from the 
affinity of‘ uncreated muriatic acid for ammonia. 

After having considered the subject (1 confess with much 
less attention than the intricacy of it recjuires), I incline to 
the opinion that all soluble chlorides are converted into muriates 
by solution in water. I think it will appear, from what I have 
stated, that few^er decompositions must be supposed to occur on 
this supposition than the other ; and it is to be recollected, in 
support of this opinion, that no objection, as far as I know, has 
been made against, the idea of the decomposition of water as it 
respects sulpnuret of potash, or rather potassium. 

Admitting (what, however, I am by no means disposed to 
assert) that the opinion which I have adopted to is most proba- 
ble, the question still remains to be de» deled, under what point 
of view shall we regard those chlorides, or muriates, which 



1821.j On Two late Attempts to ascend Mont Blanc, 33 

contain water of crystallization. Are they in their ciystid^e 
state chlorides or muriates ? 1 certainly in this case also incline 
to the opinion that they are to be regarded as muriates. IliMi 
idea is much strengthened by the following passage from 
Dr. Thomson’s paper, on the ** True Weights of the Atoms of 
Barytes, Potash, (Annah^ vol. xvi. p. 331), ‘‘ When crys- 
tallized muriate of barytes is exposed to a red heat in a platinum 
crucible, it loses all its water of crystallization ; while at the same 
time the hydrogen of the muriatic acid unites with the oxygen of 
,the barytes, ^and flies off in the state of water.” 


Article V. 

Extract from ** An Account of Tioo late Attempts to ascend 
Mont~B/anc, bt/ Dr. Hamel, Counsellor of State to his 
Majesty the Emperor of all the RussiasJ* 

Most of our readers are probably aware that during the last 
summer an attempt was made by Dr. Hamel, in company with 
several other persons, to reach the summit of Mont Blanc : it is 
equally well known that during the journey, the wliole party 
was in the most imminent danger, and that some of the guides 
actually lost their lives. It is presumed that the particulars of 
this fatal expedition, taken from the Bibliotheque Universelle 
published in August last, will be acceptable to the readers of the 
Annals. 

The first of the two attempts of which an account is given 
was undertaken on August 3, the anniversary of the ascent of 
M. de Saussure. Dr. Hamel, in passing by the baths of St. Ger- 
vais, heard that two persons of the country had reached the 
summit of Mont Blanc, and descended the same day at Prarion^ 
whence they had set out. This report made Dr, Hamel 
desirous of attempting this new route, which, according to 
the account given of it, was less difficult, and dangerous, and 
much shorter, than that by Chamouny, which, since Saussurc’s 
time, had always been followed. 

It appears that the same persons who had already ascended 
by this route proposed again to undertake it, in order to remove 
some doubts which had been entertained at Chamouny with 
respect to the practicability of the journey. With these persons 
and the Curates of St. Gervais, and St. Nicolae'de Verosse, the 
attempt was made by Dr. Hamel. 

In order to insure success, it was proposed to effect the ascent 
in two days, passing the night near la Pierre Ronde, the name 
given to some rocks situated beneath L’Aiguille du Gout6, and 
at half-^ast seven^ the travellers halted to pa^s the night, shel- 
JV. VOL. I. c 



SI HameFs Jammit ^ [UfjUK. 

iamA by the rocks^ and not far from a torrent coming from the 
Olacier de Bionnassay. 

The night was beautiful, and at half past two in the morning, 
the journey was resumed by moon-light, and at 22 minutes after 
five o'clock, the travellers reached the base of the Aiguille du 
Goute ; and after about three hours of ^ery difficult ascent 
among loose stones, the summit of tiie Aiguille was attained at 
60 minutes after eight; the height of which is upwards of 
12,000 feet. After taking rest, and adopting precautions against 
the cold, and the rays of the sun rtHected by the snow, they set 
off at a quarter past nine towards the Dome du Goute,and ai rived 
at the summit at lialf past i 1. 

The height of this is 1330 [13,300] feet, and Dr. Hamel could 
advancebut few steps without waiting to take breath, on account 
of the rarity ofthe air; and finding, from the state of exhaustion he 
was in, that he must have staid at least half* an hour before he 
could resume his journey towards the summit of iMont Blanc, 
and calculating that it would be impossible to come back to the 
Aiguille du Goute before night, he resolved to return by tlie route 
by which he had ascended, without attaiiniiii his object, 'fhe 
descent is represented as more difficult and dangerous even than 
the ascent, but it was safely performed, and the party arrived at 
about nine at night at an inn called Pavilion de Bellevue, si- 
tnate on the Montagne de la Chaletta between Mont Lacha and 
Mont Prarion. 

Having given a sketch of Dr. Hamel’s account of his first 
attempt to ascend Mont Blanc, I shall continue nearly in his own 
words the account of his second journey, and w hich was attended 
with great danger to the whole party, and proved fatal to some 
of the guides. 

In looking over M.de Saussiire’s work, I found that he had 
tried this same route ; but the dangers which he encountered in 
tfie ridges of I’AiguilIe du Goute prevented him from prodeeding 
further : he did not even arrive at its summit. 

** This induced me to believe that the route by Chamouny, by 
which he afterwards ascended, must be at least as cunvenifiit; 
and I wished to meet with an opportunity of trying it, so that I 
might decide which of the two routes was preferable. 

“ Soon afterwards, i learned that some persons at Geneva 
were also desirous of ascending Mont Blanc : one of them was 
M. Selhgue, a mineralogist and mechanical artist. He informed 
me that he had invented a barometer upon an entirely new prin- 
eiple, which he wished to try on these mountains. 

As the cla m of Mont Blanc to be considered the highest 
mountain of Europe has been lately disputed, and as no travel- 
lers who have ascended it since M. de Saussure have taken the 
trouble to measure it again, i laieped to determine its height, 
with the assistance of several barometers. Prof, de Saussure 
had the goodnesk to lend me an excellent walking-8t*ck barc^- 
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meter, made at Turin. The reservoir for the mercury is a glass 
cylinder, and the level is regulated by a screw and piston^ 
M. Selligue constructed a syphon barometer ; and in case tiSese 
two barometers should be deranged in ascending, I filled with 
mercury, two glass tubes 18 or 20 inches in length, and bent at 
one end like a syjihon. The mercury having been boiled, I 
closed the opening, so that no variation in the volume of the 
mercury might cause air to enter the longer leg of the syphon. 
On arriving at any height, 1 had only to remove the cork, and 
• allow part of the mercury to come out, and then to measure the 
height of the colmi n standing in the tube. I had thus f >ur 
barometrical instruments to measure the height of the summit. 

In my first ascent I was surprised at the action which the 
gun’s rays had upon the skin ; and I intended to make some 
experiments on tlie power of these rays concentrated by len«es. 
Col. Heaufoy had previously paid some attention to this subject, 
and 1 think, as he does, that these experiments may become 
interesting in the theory of light and heat. 

** 1 purposed also to make observations upon myself and my 
companions as to the efi'ects of rarefied air upon animal organU 
zatio'i ; and after what 1 had already observed during my first 
ascent, 1 flattered myself that 1 should obtain results which 
would be useful in physiology. 

I procured a bottle of lime-water to determine the presence^ 
and by approximation, the quantity of carbonic acid in these 
elevated regioiiK, and to discover whetlier air which had beea 
respired contained the same quantity of carbonic acid as it does 
in those regions in which at each inspiration one-third more 
oxygen enters in the same volume of atmospheric air. I intended 
also, when high up, to bleed some animal, in order to observe 
by the colour of the blood whether it was or was not sufficiently 
decarbonized. 

r filled four bottles with spirit of wine, which, when poured 
upon a sp nge, vs as intended to be used for combustion ; and 
I proposed to bring back some of the air of the summit in these 
bottles for analysis. 

** A Papin’s digester, of very simple construction, was 
intended to prove the possibility of cooking meat at great heights. 
The monks of the Grand St. Bernard complain that they are 
unable to dress their food sufficiently. The reason of it is, that 
water in large open vessels, being less compressed by the atmo- 
sphere at great heights than in plains, boils at a lower tempera- 
ture, A separate apparatus was prepared to measure the exact 
temperature at which water boils at different he’ights. 

“ A small table, with a camera lucida, was furnished by 
M. Selligue, to sketch a panorama from the summit of Mont Blanc. 

Prof. Pictet supplied jpe with the instruments requisite lo 
observe and measure the temperature, the electricity, and th^ 
moisture of the atmosphere, &c. Slq. • 
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^^ Mr, Joseph Dornford, and Mr. Gilbert Henderson, two 
lEniglish gentlemen, and both of the University of Oxford, were 
tm^nous to join us ; the former of them had, when in England, 
formed the project of ascending Mont Blanc. We set out on 
Aug. 16, attnree o’clock in the afternoon from Geneva for Cha* 
mouny. We arrived the next day at le Prfeuro, reaching the 
excellent hotel de I’Union, kept by M. Charlet, at two o'clock. 

We applied to Joseph-Mane Coutet et Mathieu, son of 
Pierre Balniat, whom M, Pictet had recommended to us as 
guides who were equally robust and trusty. They advised us to 
take 12 guides, or three for each traveller. We referred the 
choice to them ; and our obliging hostess undertook to prepare 
ail that was necessary for the journey. The next morning at a 
quarter past five o'clock, we set out in the finest possible weather. 
We went at first in the direction of the Glacier des Bossons, 
but before we reached it, we turned to the left, and began the 
ascent in a forest. At seven o’clock, we had got above the 
forest, and reached the chalet, inhabited by Pierre Francois 
Favret, formerly one of Saussure’s guides, who had ascended, 
and his son was with us. 

Here one of our guides, Julieii Devouassou, son-in-law of 
D. Paccard, was nearly poisoned. He supposed that he had 
bought some syrup of vinegar at Chamouny ; and arriving at a 
stream, he tried the syrup before he mixed it with water : he 
swallowed a little of it. It was concentrated sulphuric acid, 
which burned his stomach and mouth in a terrible qianner. His 
sufferings were great, and he vomited much. Fortunately this 
accident happened near a chalet, where 1 found some wood 
ashes, and these I made him swallow mixed with water; the 
alkali neutralized the acid instantaneously, and the guide having 
recovered, continued the journey with us. 

“ From the chalet, the ascent is continued zig-zag in the 
direction of the Aiguille du Midi; at half-past eight, we rested 
at la Pierre-pointue, where the mountain projects between the 
<jlacier des Bossons and the Glacier des J^eierins, but nearest 
the former. From hence the summit of Mont Blanc is for 
-the first time visible, and le Prieure is still in sight. From 
•thence we turned a little to the right, and at nine o’clock we 
crossed the torrent called I’eau noir, but which, instead of water, 
was filled with enormous blocks of granite, rolled down from 
^bove : the Aiguille de la Tour is on the left. A quarter of an 
bour afterwards, we passed to Nant Blanc ; and at a quarter 
before 10 o’clock we halted to breakfast round a great stone 
between the Glaeier des Bossons and Mount Bassclache. The 
^iiides call it “ la pierre de I'echelle," because they usually 
•leave the ladder there which is used to cross the Glacier. At 
10 minutes past 11 o’clock we reconpneiiced our journey, and in 
live minutes we reached the Glacier des Bossons, which must 
be crossed obliquely in the din ction of the Grand Mulgt.* At a 
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hundred paces from the edge of the Glacier vvcmders begin whict 
no pen can describe. At every moment we stopped to make^ 
each other observe some striking co.:figuration of the ice ; we 
heard nothing but * Look to the right ! Look to the left ! ^ 
Sometimes it was aJ>ottomless precipice; at others a tower of ice: 
more than 100 feet in height. The ladder was soon required^ 
How were we to cross a crevice of 20 feet wide, apparently bot- 
tomless, longitudinally divided into two by a thin wall of ice^ 
scarcely a foot thick, and 10 feet lower than the sides of the 
crevice which it divides ? Arrived at the brink the ladder ia 
lowered and supported upon the thin wall of ice in the middle 
of the crevice. One of the guides descends ; the first traveller 
follows, and keeps himself upright near the ladder on the wall of 
ice, one foot broad, or sup,»orted by his stick, he stands immov- 
able, and endeavours to shun the sight of the two blue gulphs 
ready to swallow him on the least loss of equilibrium. The 
guide then rests the top of the ladder against the opposite edge 
of the crevice, and the traveller having mounted it, it is again 
returned to the first brink in order to let the second traveller 
descend, and so on with the remainder. When the ladder is 
some inches longer than the crevice is wide, it is placed across 
it like a bridge; and every one goes over on his hands and 
knees. Sometimes there are crevices which are covered by 
bridges of snow which vire often narrow^. Sometimes those who 
w alk last find these bridges penetrated by a foot w'hich has pre- 
ceded them, and it is then necessary to turn the foot a little 
aside. 

‘‘ In spite of all the difficulties and dangers, w^e crossed the 
Glacier without the least accident. At a quarter past one we 
were above the junction of the Glacier des Bossons with the 
Glacier de Taccoiuiy, and between these two occurs the Mon- 
tague de lu Cote ; and after having ascended a ridge of snow, 
inclined at an angle of 5(r’, at precisely three o'clock, vve set 
foot on the base of the Grand iMulet on the western side. These 
rocks, which project from the middle of the ice, are not more 
firm than those of the Aiguille du Goute ; and w e ascended 
them so slowly that it was half-past lour when w e arrived at the 
highest part of the Grand Mulel. A black cloud which formed 
in the west decided us to stay here for the night. The summit 
of this rock having the form of the letter L ; that is to say, of a 
right angle, our ladder and some sticks covered with cloth were 
80 arranged as to form the hypothenuse. A little straw scattered 
upon the horizontal part of the rock was the mattrass upon 
which we lay down side by side. We were hardly covered 
when it began to rain ; and soon after the thunder was heard 
majestically around us. I had scarcely attempted to put the 

E oint of the electrometer out of our tent, when its two balls^ 
egan to move with so much violence that I was alarmed. The^ 
whol^ of the night was stormy. The neXt morning the rain 
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oeAfied, and the aif was so pure that we saw the lake of Geneva, 
and jaonie more distant objects, very distinctly. 

<< \Ve hoped that towards noon the weather would clear up, 
tut it remained uncertain, and we resolved then to bivouac 
again the following night in our tent a la Cosaque. Coutetsent 
two of our men to Le Prieur6 to procure a supply of provisions 
for the guides. At intervals, I occupied myself with rebelling 
the mercury of one of my barometer tubes, which had been 
injured on the journey. We tried the temperature of boiling 
water, and found it to be 162° of Fahrenheit. I made arrange- 
jnents to let off some tire-works on returning from the summit, 
for I was curious to try whether the fire-works would rise well in 
this rare air. I had balls and shining stars prepared with 
arsenic. I had also Bengal fire prepared with antimony; and, 
besides, a mixture of nitre, sulphur, and orpinient, in order to 
try to illuminate all the summit of Mont Blanc, and the spires of 
the surrounding mountains. 

“ At five o’clock some hail fell, and until midnight the weather 
was cloudy ; but on the 20th, at one in the morning, the heavens 
appeared studded with stars, although the \ alley w as still hidden 
by fog. Coutet w^ent out to observe the w^eather, and informed 
Bs that it promised w ell, but that it would be prudent still to wait 
a little before we decided upon ascending. At about five 
o’clock, the summit was lighted by the sun ; the air perfectly 
serene and calm. Our guides informed us that*ve might begin 
our journey. M. Selligue, who had been for some time unwell, 
and who feared the return of the rain before the close of day, 

P referred staying at the Grand Mulet. IVo of our guides who 
ad never ascended Mont Blanc, and whom (’outet wished to 
remain with M. Selligue, refused to do so. The weather was 
favourable, and every one w as desirous of ascending. At length 
two otlier guides consented to stay behind. Messrs. Dornford, 
Henderson, and I, with eight guides, set out from the Grand 
ulet at 20 minutes })ast five ; the theimometer was at 34° of 
Fahrenheit. Having entered upon the snows which were here 
rather deep, we went immediately towards the Aiguille du Goute, 
afterwards we ascended towards the summit, and almost al- 
ways in a zig-zag direction, in order to avoid tlie crevices and 
steep acclivities ; and at a quarter before seven, the summit 
reappeared on this side. The weather was beautiful; and, very 
far beneath us, we saw white clouds, like a calm sea, penetratea 
here and there by the summits of the highest mountains, the 
names of which were mentioned by Coutet, les Fours, 1’ Aiguille 
de V'arens, le Buet*, le Dent du Midi, le Dent de Morcle, ^c. 
At about seven o’clock these cloiid3 began to disperse, and we 
perceived le Prieure. As we continued to ascend, we found the 
.snow harder, and not so deep. No siiOw seemed to have fallen 
in these higher parts for some time. 

At 20 minutes past seven we reached the first of threi pl«l* 
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&rms of snow, which occur in the space betw^een the D6me da 
Goute and Mont Maudit, the eastern shoulder of Mont Blann* 
After having crossed this first platform, at a quarter before eight, 
we ascended an acclivity at an angle of ‘->6° or 30®. This leads 
to the second, which we began to cross at 10 minutes past 
eight, having theii*on our right hand the great seracs* of ice, 
which are visible even at Charnouny. The sky, when obserV'ed 
near these white masses of ice, appears of an extremely deep* 
blue colour ; indeed almost black. After having ascended 
• another steep acclivity, we reached, at half-past eight, the last 
of the great platforms, bounded on the right by the highest part 
of the Dome, on the left, by the last rocks on this side, and on 
the south side by a steep acclivity, at about the height of which, 
and a little further, appears the summit of Mont Blanc. Here 
our guides congratulated us, telling us that all difficulties were 
actually overcome ; there were no more crevices, no more 
dangers. Never, said they, did an ascent succeed better ; no 
one ever ascended more rapidly, and with less difficulty. In 
fact, the snow had precisely the degree of hardness which is 
desirable for walking upon with ease : the feet did not sink too 
much, and the snow was not too hard. We had nevertheless 
for some time experienced the effects of the rarity of the air : 
my pulse beat 128 in a minute, and I was continually thirsty. 
Our guides advised us to breakfast here, for, said they, higher 
up you will have no appetite. A cloth was .spread upon the 
snow at the entrance of the great platform, which served both 
for chairs and table. Hverv one eat his half chicken with appe- 
tite. 1 arranged several things for the observations and experi- 
ments which 1 proposed to make on the summit. I wrote, two 
notes to announce our arrival at the summit, leaving a blank 
merely to insert the hour. I intended to fasten them to a pigeon 
which I had with me, and which 1 intended to liberate on the 
summit, in ortler to observe how he would fly in this rare atmo- 
sphere ; and afterwards to know if he would find his way to 
Sallenche, wdiere the female was. We kept a bottle of our 
best wine in order to drink to the memory of de Saussure on the 
Summit. 

“ At precisely nine o’clock, ^ve set off to ascend the summit, 
which we saw^ before us. “ Would you accept a thousand 
pounds to descend instead of ascending ? ” said one of my 
companions to his fellow couiiti*ymen. “ I would not return 
for any money,” was the reply. W'e were all full of hope and 
joy at seeing ourselves so near the end of our journey. The 
Deautiful weather, the calm which reigned around us, the celes- 
tial air which we had breathed during our repast, made impres- 
sions upon our minds which are not experienced in lower regions. 

* Serars are those parallelcipTpeds, cubes, and other rather regular forms of ice aii4 
Slow which are found at great heights. The name is derived from a kind of while 
ihecii^iiiadt la the ntmnti&it, Mid to whkdi iiaiSar fbnrili ate given. 
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I saw myself already on the summit. 1 took a specimen of the 
highest rock in Europe to place it in the Imperial Mineralogical 
Cabinet at St. Petersburg)!. I intended some for the museum 
at Geneva, and other collections. 

We crossed the great platform of snow, at the entrance of 
which we had breakfasted. While crossing^ I had occasion to 
remain for some time rather behind, and it was near the angle 
on the right that 1 rejoined the company. We ascended about 
half the height of the great acclivity of snow, which, extending 
the whole length of the platform, rises towards the summit of 
Mont Blanc. As, however, between this acclivity and the 
Bummit there are ridges of ice which are almost vertical, it is 
necessary to cross the acclivity horizontally, by keeping to the 
left, in order to reach the last great rocks at the height of 
14,700 feet from which Italy is visible. From these rocks, by 
turning to the right, the summit is ascended, at the height of 
960 feet. We walked one after the other, for it is preferable to 
tread in the footsteps of the first guide, who, on account of the 
fatigue which he suffers, is changed from time to time. 

‘‘We advanced thus in a nearly horizontal line, crossing the 
acclivity about half way up ; that is to say, at almost equal dis- 
tances between the ridges on our right, and the platform of snow 
upon our left. No one spoke, for at this height even talking is 
fatiguing, and the air conveys sound but faintly. 1 was still the 
last, and after taking a dozen steps, supported by my stick, 1 
stopped to make Id inspirations. 1 found that in this manner I 
could advance without exhaustion. Prepared with green spec- 
tacles, and with crape before the face, my eyes were fixed upon 
my steps, which I counted. Suddenly 1 felt the snow give way 
under my feet. Thinking that 1 merely slipped, J thrust my 
stick to the left, but in vain. The snow, which accumulated ou 
my right, overturned and covered me ; and I felt myself forced 
downwards with irresistible power. 1 thought at first that 1 was 
the only one who suffered this accident, but feeling the snow 
accumulate upon me so as almost to prevent my bieathiug, I 
imagined that a great avalanche was descending from Mont 
Blanc, and forcing the snow before it. Every moment I 
expected to be crushed by this mass : while descending 1 turned 
over repeatedly, and 1 strove with my strength to divide the snow 
with my arms, in which 1 was buried and struggling. I succeeded 
at last in getting my head out, and 1 saw' that a great part of 
the acclivity was moving; but as I found myself near the edge 
of this slippery part, I made every effort to get upon the hard 
snow, where 1 might at last find footing. It was not until then 
that 1 knew' the extent of the danger ; for I saw myself near a 
crevice which terminated the acclivity, and separated it from 
the platform. At the same moment J saw Mr. Henderson's 
^lead still nearer this abyss, I discovered still further Mr. Dorn- 
ford and three guides, but the five others did not appear I* 
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hoped still to see them come out of the snow which had stopped^ 
but Mathieu Balmatxjried out that there were still persons in the 
crevice. I will not attempt to paint what then passed in*my 
mind. I saw Mr. Dornford throw himself upon the snow in 
despair, and Mr. Henderson was in a condition which made me 
fear for the consequences. But our consolation may be judged 
of when, some minutes afterwards, we saw one of the guides 
come out of the crevice ; our hurras redoubled at the appear- 
ance of the second ; and we yet hoped that the three others 
* would also reappear, but, alas ! they were seen no more. 

The guides, fearing a second slipping of the snow, directed 
us to remove to a distance, but that was impossible. Mr. Dom- 
ford declared that he was ready to sacrifice his life to go and 
search for the unfortunate guides : I offered him my hand, and 
partly sunk in the snow, still moveable, we advanced in spite 
of the guides, towards the crevice of unknown depth filled 
with snow, and to the place in which they must have fallen. 
There we descended into this gulph, and 1 sounded the snow 
every where with a stick without feeling any resistance. Sup- 
posing it possible that the men might have fallen into some 
cavity, or upon some projection in the crevice ; and as the air, 
on account of its rarity, does not convey sound well, I thrust the 
longest stick quite to the end in the snow; and lying dowm upon 
it, 1 applied my teeth to the stick, and calling the men by their 
names, 1 listened witli great attention to hear any noise ; but 
all was in vain. The guides came upon us, and forced us, so to 
express it, to come out of the crevice. They declared our search 
useless ; they even refused the money that we offered them if they 
would wait; they laid hold of MM. Dornford and Henderson; 
and while I w^as still sounding the snow (which had passed the 
crev ice for a great space), they proceeded immediately with them 
to some distance; so that 1 was under the necessity of descend- 
ing with only Coutet, who had not even a stick ; but absorbed 
in the horror of tlie event, 1 was become insensible to clanger, 
and 1 crossed all the crevices without thinking of them. I did 
not rejoin my two companions till I arrived at the Grand Mulct, 
from whence w'e set off for the Glacier des Bossons,^ and at 
half-past eight in the evening, we returned to the Hotel de 
r Union at Chamouny, without experiencing any great degree 
of fatigue. 1 w'as the more astonished at this, because, for an 
hour after the accident, 1 made great efforts in an elevated situa- 
tion where the least exertion exhausts the strength. 

I shall here add a few w^ords explanatory of our unfortunate 
accident, it appeared that the upper stratum of the snow on the 
acclivity lay upon another stratum, which was very slippery on 

♦ In croHsing the Glacier deft qpssone, we found a young diamoie upon an iale of 
ice, nurrounded with ononnous crevices, it had probably dlod from indhition. One of * 
the h^h rerocf, under the shade of which we had reposed in our ascent, had fallen ia 
the iuftiVal, and had covered the spot on which we had stopped with its fragments. 
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the surface ; and as our track cut the iirst stratum across^ the 
part which was above us began to slip upon the other, forming 
wh!it is called in the rOberland de Herne, ^uoggiulntce, or 
rulschlavine. In that part where the first of our file walked, the 
acclivity was much steeper than near me wh^re I had measured it 
a little before the accident ; there it inclined at an angle of 28®. 
Further on, the mass of snow was also thicker, especially high 
up ; for the wind usually drifts there the loose snow blown from 
the summit. For these reasons, the shp[)ing necessarily began 
at this place, and the snow descended directly towards the 
crevice; while about me it took an oblique direction forward. 
It was on this account that the three first of the file* fell so 
deep into the crevice, and were covered with snow, so that we 
were unable to discover them, while the fifth and sixth,+ who 
had also fallen in, were able to disengage themselves. C-oiitet 
came up with his face of a blue ap[)earance, and with symptoms 
of sufiocation, IVIathicu Halniat, who was a very strong man, 
and one of our principal guides, walked fourth, was the only one 
W’ho could withstand the slipping of the snow . Ihrowii dt>w n and 
afterw^ards cariied to some distance, he had the presence of mind 
to thrust iiis large stick down, like an anchor, into the hardened 
anow. The two other guides w ere, like us three travellers, buried 
in tile snow, and forced tow ards the crevice, w ithout, how'ever, fall- 
ing into It. The guides reckoned the surface of the .snow which 
moved lobe nearly lUO fathoms broad, and 250 high in an oblique 
direction. From the firmness of the snow' w hich had slipped, it 
was evident that it had not lately fallen. The guides most accus- 
tomed to the snow did not suspect any danger. At the moment 
the accident occurred, the brother of one of our principal guides 
walked first, and the second was a man who had been this 
journey 12 times. In coming from the side of St. Gervais, pass- 
ing by the Aiguilles and the Dome du Goutc, it is necessary to 
take the route to Cliamoiiny, in order to reach the acclivity, 
which deceived ns when we imagined all dangers W'en^ past. 

Whether we asi end one side or the other, even after having 
escaped as 1 did, the foiniidahle rocks of the Aiguilk^s du Goiite, 
and passed the gulphs of the (ilacier des jkissons, we incur the 
danger near the summit of being swallowed up by the yielding 
of the snow which at fir»t appears to be firm, but suddenly gives 
way — a species of danger against which it is difficult to find a 
preservative.” 

* They were Pierre Balmat, brother of Mathieu, and eldest son of P. Balmat, one 
af the ancient guides of.M. de Saussurc ; Pierre (’arrier, a smith by trade, who had 
bean 1 1 tunes upon Mont Blanc ; and Auguste Terras. This last and P. Balmat had 
never been on 31ont Blanc, and wore the two guides who refused to remain at the 
Grand Mulct. Tliese three carried the provisions, the instruments, the pigeon, and a 
live fowl. No one of them was married. 

Joseph Marie Cmxiet, one of our principa] guHes (his father was also with M. do 
‘ £aasitare), and Julien Dewaosson, who eseaf^ being poisoned by oil of vitriol. 

t Bavid Coutot, the hrodier of Joseph Marie, our prindpid guide, a^ David 
Weiigat. 
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Article VL 

Description of a ntv) Clinometer. By S. P. Pratt* 

• (With a Plate.) 

(To the Editor of the Annals of Philosophjj.) 

SIR, Tottcnhaniy Dec. 18?0. 

. I SEND you a drawing (PI. 11.) of a simple inslrumeiit which 
I have had some time in use for determining the dip of strata: 
it consists of a brass ruler, of 12 inches by of an inch in breadth, 
closing upon an hinge, and covering, when closed, an arch 
drawn from the centre of the hinge, and divided into 90 degrees 
on the same side ; near one extremity of tlie ruler a small spirit 
level is inserted truly horizontal, with its edge — the applica- 
tion is obvious. Tlie ruler being closed, with the levtd upper- 
most, is placed parallel to, or upon any projecting edge of, the 
strata to he examined, and llien gradually opened until the 
level becomes horizontid ; the bisechon of the arch near the 
hinge of the ruler will give the angle formed by its two legs, and 
consequently the inclination of the strata with the horizon. 

1 am. Sir, yours, S. P. Pratt. 

Note. — The simplicity of this instrument appears strongly to 
recommend it. It is made and kept for sale by Mr. Bate, 
Poultry. Ed. 


Article VII. 

On Red Snow. By Dr. Henderson. 

• (To the Editor of the Annals of Philosophy.) 

DEAR SIR, Curxon.s1rccty Dee.9., 1820. 

In the several accounts which were given of the red snow 
found in Bafhii\s Bay, 1 do not recollect that any one has 
adverted to the fact of this phenomenon being familiar to the 
ancients. While 1 was lately turning over the pages of the 
indefatigable P!iny, for a veiy different object, I stumbled upon 
a passage (lib. xi. c. 35) where he mentions that snow turns red 
by age— ipsa nix vet mt ate rubescitJ* Nor is the cause thus 
assigned for the colour by any means inconsistent with the best 
analyses of the red snow as brought to this country in a liquid 
form ; for it is evident that if this variation of the colour of the 
anow on particular spots be the result of the formation of a lichen 
or byssus on its surface, it can only be on the old snow that 
anch vegetation wiH occur! I remain, dear Sir, 

Your moat obedient servant, 

ilL. Henbersok* 
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Article VIII. 

A new Method^' drawing a Tangent to the Circle, 

By Mr. William liitchie, AM. of the Academy, Perth. 

(To the Editor of the Annah of Philosopin/,) 

SIR, 

I HAVE taken the liberty of sending you a new method of 
drawing a tangent to the circle which appears to me simpler 
than any of those already known, and wdiich I hope will find a 
place in your Annals of Philosop/n/, For the advantage of the 
young geometer, I have accompanied it w'ith the analysis, or the 
mode, by which it was discovered. 1 am, Sir, 

Your obedient servant, 

WiLMAM Ritchie. 


Anah/sis, 

Let B F D be the given circle, C 
its centre, and A the point, from which 
the tangent is to be drawn ; and Jet 
A F be the tangent required. Join C F, 
and produce it till F E be equal to 
F C, join A E. 

Now since the angle A FE is equal 
to A FC, each of them being a right 
angle, and since F E is equal to F C, 
and A F common to the two tri- 
angles A F C and A F 111, these tri- 
angles are equal, and consequently A E is equal to A C, which 
is given. Again C E is given, being equal to the diameter of 
the circle ; therefore the point E is given, the line C E and F 
its intersection with the circumference, which is the point 
required. 

Composition, 

From A wdth the radius A C describe an arc, and from C with 
a radius equal to the diameter of the circle describe another, 
intersecting the former in E ; join C E and F its intersection 
with the circumference of the circle will be the point of contact 
required. 

For C E being equal to the diameter of the circle, and C F 
the radius, F E is equal to F C, A C is equal to A E, and A F 
common to the two triangles AFC and A F E ; therefore, these 
trian^es are equal to each other, and consequently the angle 
A F E is equal to the angle AFC; that is, A F C is a ri^t 
angle. Hence A P is a tangent to the circle. 
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Dry Rot. — Fall of Rain 
Article IX. 

On the Dry Rot. By Mr. W. M. Dinsdale. 

(To the Editor of the Annals of Philosophy.) 

SIR, ^ov. 25, 1820. 

Permit me to ask some of your more scientific correspond- 
ents, ** In what light they view the following analogous circum- 
stances connected with the subject of dry rot in timber, and 
whether they do not in some measure consider them to throw a 
ray of elucidation on that important head ? ” 

1. In recent vegetable juices, I think, we have grounds for 
believing in the existence of acetous acid as well as its consti- 
tuents. 

2. Casks used for manufacturing vinegar soon decay if they 
are not thoroughly cleansed from the mother or sediment formed 
in the operation. 

3. Baked wood is less subject to dry rot than that which is 
unbaked. 

4. Tar, both of the Stockholm kind, and that which had been 
made at the gunpowder charcoal works, has been found to rot 
the palings at Woolwich, See. in a space of time seldom exceed- 
ing three years, and frequently considerably less, which rot was 
decidedly attended by all the appearances of dry rot; while it is 
equally certain the rot alluded to has never followed the use of 
either kind, when freed from its pyroacetous acid. I am, Sir, 

Your obliged and obedient servant, 

W. M. Dinsdale. 

We are in some doubt as to the absolute correctness 
of our correspondent’s views, but as the subject of the dry 
rot Is one of great importance, we shall be happy to insert any 
hints which may tend to elucidate its causes, or remedy its^ 
effects. — En. 


Article X. 

On the Fall of Rain. 

(To the'Editor of the Annals of Philosophy.) 

SIR, . Dec, 9, 1820. 

The letter inserted in the last volume of yonr Annals of Phi^ 
losophy,p, 421, recalled my attention to M. Flauguerges’s paper, 
and more particularly to the remarks which he makes {Annals^ 
vol. xiv. p. 113, 114,)on*the relative quantities of rain which are. 
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received by gauges at different heights from the surface of the 
earth. I do not 'mean to enter into the controversy with respect 
to the direction of the drops : this I shall leave to Mr. Meikle 
and Ins antagonists, but there U another part of the question 
which seems to have been overlooked, and to which, therefore, 
I could wish to call the attention of your reisers. 

I am persuaded by private observations, as well as by those 
which luive been made public, that the fact is cjrtaiuly true of 
more rain falling near the earth’s surface than at some height 
above it. This seems to be a paradox, and many have, there- 
fore, endeavoured to explain it away, but still it seems to me to 
be a necessary consequence of the very constitution of the atmo- 
sphere. Clouds collect before rain falls, but this is not in con- 
sequence of their being the only source of moisture, but of the 
upper strata of the air being ftr<t affected by those causes 
which produce the rain. The quantity of rain is made up of a 
general discharge of water from the air between the earth and 
the region of the cloud.^. Hence the effects must accumulate 
as we approach to the earth, and the results w'hich have been 
observed must not be wholly attributed to the wind, or to any 
accidental circumstances which may affect the instruments 
which are used for tiie admeasurement. N. 


Article XI. 

Some Observalions on Whale OIL By tT. Bostock, MD. FRS. 

LS. and IIS, Mill. Mem, of the Med., Geol., and Aslron. 

Soc. &c. &c. 

Gnat Coromstrect^ Dec, ?1, IS[20. 

The object of this communication is to give an account of 
some experiments in which I was concerned ‘hat were made in 
order to ascertain the changes that are produced in oil by expos 
ing it for a length of time to an elevated tAiperature.* With- 
out going into a minute detail of the individual experiments, I 
shall state some of the most important of the results, and shall 
afterwards offer a few observations upon the nature of the pro- 
cess and upon the mode by which the change is effected The 
quantity of oil operated upon was generally from 26 to 30 gal- 
lons ; the fluid was contained in a boiler three feet long, one foot 
six inches wide, one foot three inches deep; fire-place 14 inches 
long, three inches wide; the bars three inches from the bottom 

* The experiments were performed tt the manufactory of Measra. Taylors and 
MartifieaiL, in the presence of several scientific gentlemen : among others, of Mr. CbiU 
»dra), Mr. Alkin, Mr. Daniell, Mr. Richard Phillips, and Mr. Paraday. 
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of the boiler. The oil occupied about two-thirds of the vessel ; 
it had a concave bottom, and was closed air-tight, except that a 
tube of half an inch diameter was inserted into its upper part. 
The temperature employed was 360°, and the oil was carefully 
kept at that degree of heat during 12 hours each day. In the 
dinerent trials the p!iocess was continued for 22, 23, 26, 38, *and 
56 days respectively, until, hi one instance, it was extended to 
68 davs. The substance employed w'as the whale oil of com- 
merce, in the state of purity in which the article is usually exhi- 
bited for sale. 

Wh( 3 n the oil was examined, after having been kept at the above 
temperature for the periods above stated, its physical properties 
were considerably altered, its colour was nearly black, its con- 
sistence thick and tenacious, and its odour empyreumatic. 
When heat was applied to it in this state, after it had been 
cooled down to the temperature of the atmosphere, the first 
effect was to render it more tinid ; and at higher degrees of heat 
its consistence seemed to be considerably less than that of recent 
oil. While the oil was in the boiler, and at the temperature of 
363°, an internal motion took place among its parts, that seemed 
to arise from some portion of it being converted to the aeriform 
state, and suddenly condensed : this was indicated by a peculiar 
sound emitted from the vessel analogous to the simmering of 
water before it is raised to the proper boiling point. It was 
observed that the simmering, if we may term it, diminished 
as the oil exceeded the temperature of 400° ; and after it had 
acouired the heat of about 46t>° was no longer heard. 

But the most material alteration in the oil was the property 
which it had acquired of emitting vapour when it was suiijected 
to temperatures which would have had no effect of this kind 
upon recent oil. Both the quantity of the vapour, its chemical 
composition, the mode of its generation, and the degree of the 
thertnometer at which it fir5»t appeared, were very different in 
the diflerent expeiiments ; and tliere does not appear to be suffi- 
cient data for forming a correct opinion upon any one of these 
points. One of llie circumstances which seemed the most 
favourable for its production was the rapidity with which the 
fluid passed througii a certain range of temperature. Oil, for 
example, which was steadily kept at 360°, although it had 
acquired the dark colour, seemed to produce little aeriform fluid 
of any kind, with perhaps the exception of a portion of carbonic 
acid ; and there is some reason to suppose that it might bear 
even a hijjher temperature, provided the heat be cautiously 
applied. But if, on the contrary, the heat be more rapidly raised, 
a copious discharge of an aeriform fluid takes place, which 
essentially consists of inflammable and aqueous vapour mixed in 
variable proportions. The total amount of vapour emitted, the 
proportion of the aqueous to the inflammable part, and the che— 
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mum of effect takes place, or whether indeed there be any term 
of this kind. It will be next desirable to learn what is the lowest 
temperature at which the volatile oil and the water are respect- 
ively generated, and to examine at different temperatures, and at 
different' periods of time, the proportion hi ch these substances 
bear to each other. It will likewise become a very curious 
subject of investiojation to learn with more accuracy the nature 
and properties ot the inflammable vapour, whether it consist 
merely of the volatile oil in a vaporized state, or of tliis mixed 
with some permanent gas ; if so, whether the gas resemble any 
species of carburetted hydrogen with which we were previously 
acquainted. Lastly, we must investigate the nature of the vola- 
tile oil, when obtained in a separate state by distillation, and 
also that of the acid generated in tlie latter part of the opera- 
tion, whether it be actually the acetic acid, or in what respect 
it differs from this acid as obtained by the ordinary processes. 


Article XIL 

On the Preparation of pure Salts of Manganese, and on the 
Composition of its Oj ides. By G. Forchhamraer, Ph. D. 

The principal ore of manganese wrought for the preparation 
of chlorine is the common grey ore of this metal, or the peroxide, 
I have tried several of the ores which occur in Germany in veins 
and beds in a porphyry belonging to the first secondary 
sandstone, and found them all containing some copper, in 
very small quantity, excepting of course the complete crystals 
of it which are generally free from this admixture. It appears 
that the Devonshire ore is found in the same geognostic position 
as those above-mentioned; and I found this likewise containing 
some traces of copper, which, though the combination does not 
bear the character of a chemical compound, is a striking instance 
of the similarity in the formation of the same mineral in far dis- 
tant countries. Besides copper, iron always is present, and 
a small quantity of barytes, and even of lead, occur very 
often. Iron, how'ever, is an admixture, the separation of whicn 
has generally been the most attended to ; and many chemists 
have attempted to remove it by simple processes. There is no 
doubt that the benzoate and succinate of any alkali will throw 
down all the deutoxide of iron ; but if there is protoxide, it may 
escape to a certain degree, and then these salts are so expensive 
that, for preparing a quantity of the pure oxide of manganese, it 
would be desirable to find another process. The method I 
made use of is the following : I prepared in the common way 
aulphate of manganese by heating equal parts of peroxide of 
manganese with sulphuric acid, only taking care to keep it in 
the Are untiF vapour of sulphuric acid ceased tc appear; 



13:21 J and on t/a Compotition of itt Oxides,^ il 

by these means the bisulphate of nrotoxide and the Sul* 
phate of deutoxide are decomposed, and converted into sulphate 
of protoxide. The solution, which of course could contain 
neither barytes nor lead, whatever quantity of them there might 
be in the ore, contains o/lly the sulphates of manganese, iron, and 
copper. In order to remove the two latter metals, I poured 
successively into the solution of the manganese a solution of 
hydrosulphuret of ammonia, which first precipitates the copper 
of a black colour, then the iron likewise blac^k, and at last the 
manganese of a white colour. When the colour of the precipi- 
tate turns grey, 1 lieat the liquor to the boiling j)oint, and then 
allow it to remain undisturbed for the purpose of trying it with 
tests. 

The prussiate of potash is sufficient for that purpose, which 
precipitates the salts of pure manganese of a white colour; the 
slightest trace of iron is directly shown by a blue colour, and 
copper by red. 

The crystals of sulphate of manganese which I made use of for 
the analysis were made in a different way to avoid the presence 
of any alkali-. Through the impure sulphuric solution of manga- 
nese, I passed sulphuretted hydrogen to remove the copper, and 
then concentrated it by evaporation until it became a very strong 
solution, which, however, did not crjstallize when cold. Spirit 
of wine containing 80 to 90 per cent, of alcohol divides the 
solution into two parts, the lower of which soon deposits crys- 
tals of sulphate of manganese, often entirely free from iron, but 
sometimes they contain a very slight portion of it. 

From the pure sulphate of manganese abo\ e-inentioned, I 
obtained by carbonate of potash the carbonate of manganese, 
which yielded me all the different oxides. 

I tried often to prepare the pure metal from one of these 
oxides, but i never could succeed. I exposed it, w'ith charcoal, 
to the heat of a furnace, in the china manufactory in Copen- 
hagen, where iron melts very easily ; but though the oxide waa 
reduced, and the powder in the crucible dissolved in acids, with 
the evolution of much hydrogen, it was not melted ; and whe- 
ther it was metal, or an oxide containing less oxygen than the 
protoxide, I was not able to ascertain. In another experiment, 
when 1 exposed it to the heat of a large anchor-forge, 1 obtained 
small grains. 

On I he Protoxide, 

I found it rather difficult to obtain a protoxide completely free 
from all deutoxide. llie usual w'ay, by heating carbonate of 
manganese in a retort full of carbonic acid, did not appear to 
me ^ppy accurate, as I never was able to obtain a carbonate of 
protoxide of manganese completely free from all deutoxide. iUl 
the solutioiis of protoxide, if they nave been exposed to thf aiXt 
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pontain a small quantity of deutoxide which occasions their red* 
dish colour, ana the carbonate being obtained from them of 
course contains the same. That the red colour of the solutions 
of manganese depends upon the presence of deutoxide, 1 had 
an oppoituiiitv of o})serving in the following way : 

In mv paj)er on the Acids of Manganese, I have mentioned 
the mode in which I decomposed the brown compound of lead, 
manganese, and oxygen, by bisiilpliate of potash ; and 1 made 
use of the same method for ascertaining the quantity of oxygen 
combined with protoxide in the deutoxide and peroxide. I 
found that when the greater part of the oxygen was expelled by 
the combined action of heat and the bisulphate of potash, the 
powder w-as entirely dissolved, and formed a beautitul transparent 
amethystine coloured solution, which still yielded oxygen, and 
became of a pink colour. The expulsion of oxygen did not 
cease until the melted salt in the retort was entirely colourless, 
and it remained so when cold. A solution of it in water was 
colourless, but, when exposed to the air, it soon acquired the 
slight pink colour, which is characteristic (»f all the salts of man- 

f anese. This experiment proves obviously that the colour 

epeuds upon the surplus of oxvgeii combined with the protoxide, 
or that all these pink-coloured solutions and salts contain both 
protoxide and deutoxide ; the latter, how^ever, only in very small 
quantity. 

The way I proceeded in order to obtain pure protoxide was 
this : 1 filled a glass tube, open at both ends, with deutoxide, 
and heated it over a lamp while I passed hydrogen gas through 
it. The brown powder soon changed to a light yellow, which 
colour, while the powder was cooling, became white, and 
the cold oxide was of a beautiful light-green. This colour, 
however, changed in the air; for while 1 was takings the open 
tube to a pair of scales iu another room, it evidently attracted 
oxygen, and its colour changed into greyish-green ; and when 
converted by combustion again into deutoxide, it gained five 
per cent. 

There is not any reason to induce us to supp:»se that in this 
case the protoxide had been reduced to suboxide by the action 
of hydrogen, for the heat was very gentle, and from the power 
with which the metal decomposes water even in the common 
temperature of the atmosphere, we scarcely can expect that in 
soslight a heat, hydrogen should deprive the protoxide of apart 
of its oxygen. 

To ascertain the quantity of oxygen in the protoxide, I ana- 
lyzed the sulphate and carbonate. 

I heated a certain quantity of sulphate of manganese to red- 
ness, then dissolved it, and precipitated the sulphuric acid by 
nitrate of barytes. Five grammes of perfectly dry sulphate of 
manganese gave me 7-9 13 grammes of sulphatet of bafytes^ 
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which are equivalent to 2*7181 grammes of sulphuric aci4| 
ing that 100 parts sulphate of barytes, contain 34*35 pairtj^ 
si^huric acid. 

One hundred parts of sulphate of manganese consist, therer 


fore, of » 

Sulphuric acid 54*378 

Protoxide of manganese. 45*622 


100*900 

One hundred parts of protoxide of manganese combine with 
119*192 parts of sulphuric acid, which contain 71*5155 parts of 
oxygen, and thus we find the protoxide of manganese consist* 
ing of 

Oxygen 23*8385 

Manganese 76*1615 

1000000 

Or 100 parts of manganese combine with 31*29 parts of oxygen 
to form the protoxide. 

In another experiment, where I had reason to suspect that the 
heated sulphate of manganese had again attracted some water, 
I obtained 7*731 grammes sulphate of l)aiytes from five grammes 
of sulphate of manganese. After having precipitated ail the 
e-xcess of barytes in the solution, I threw down the manganese 
by carbonate of potash, and having converted it into deutoxide 
by exposing it to a red heat in an open vessel, the quantity 
obtained was 2*4S0 grins. I shall be able hereafter to prove, 
that the deutoxide consists of 92*4342 parts of protoxide and 
7*5658 jiarts of oxygen : 2*480 grms. of deutoxide consist, there- 
fore, of 

. • • • 0* 1 8764 

Protoxide 2*29236 

The sulphate of bar}’tes obtained indicates 2 6555 grms. sul- 
phuric acid, which combine with 2*29236 parts of sulphuric 
acid. 

(.>ne hundred parts of protoxide of manganese, according to 
this experiment, would combine with 115*90 of sulphuric acid; 
and they, therefore, would consist of 


Oxj^gen 23*18 

Manganese 76*82 


Or 100 parts of manganese combine with 30*18 parts of oxygen 
to form the protoxide. 

I several times heated the deutoxide with sulphuric acid ; and by 
the quantity of sulphate of manganese thus obtained, I endeavoured 
to find the quantity of sulphuric acid, but the vapours of this 
acid always carried off some sulphate of mangan’fese, which was 
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fteaio deposited oo the cover of the crucible , and partly lost, 
"fte smallest quantity of sulphuric acid which, in that way, I 
found combined with 100 parts of protoxide, was 113 parts, 
which indicates 29*19 parts of oxygen as combined with 100 
parts of manganese in the protoxide. Berzelius finds only 28* 10, 
which certainly is too little. 

From the purest sulphate of manganese, I prepared carbonate 
of manganese, avoiding oxidation as much as possible ; five 
grammes exposed during a long time to a red heat in an open 
vessel yielded 2*803 parts of deutoxide = 2*68775 protoxide. 

Two decigrammes of the carbonate yielded by muriatic acid 
in a tube with mercury 2*175 French cubical inches of carbonic 
acid. The weight of the carbonic acid at a medium temperature 
and pressure is 0*0661 grm. and the salt contains 33*05 per 
cent, of carbonic acid : 33*05 parts of carbonic acid contain 
24*036 parts of oxygen ; and, therefore, the 2*58775 pans of 
protoxide of manganese contain 0*6009 part of oxygen. 

One hundred parts of protoxide contain, according to this 


experiment, 

Oxygen 23*22 

Manganese 76*78 


100*00 


Or, 100 parts of manganese combine with 30*24 parts of oxygen. 

The composition of the artificial carbonate of manganese is, 
therefore, 


r39* 

12*018 oxygen 

33-05 

1 24*036 oxygen 

1 atom of water 13*520 


1 atom of protoxide ... 
1 atom of carbonic acid 


39*737 manganese 
2*018 oxygen 
9*014 carbon 


{ 1*502 hydrogen 
12*018 oxygen 


98*325 


There was a loss of 1*675, which I imagine consisted of water 
not chemically combined with the Sedt. 

Dr. John, of Berlin, from 150 grammes of crystallized sulphate 
of manganese obtained 148*5 grms. of sulphate of barytes, and 
83*25 carbonate of manganese, which, w'hen calculated after rny 
analyses of the carbonate, indicates 100 parts of protoxide and 
118*43 parts of sulphuric acid, and 100 parts of manganese 
combined with 31*03 oxygen, to form the protoxide. It seems, 
therefore, as if some number between 30*18 and 31*29 is the 
true number ft»r the oxygen combined with 100 manganese in 
the protoxide, ^ 

O/i the DcnliKiuJc, 

The colour of the deutoxide is brown, rc'^einblmg that of 
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deutoxide of iron, but rather darker. It is soluble in some acids. 
Muriatic acid dissolves it when at about 42® Fahrenheit. It is 
necessary that the muriatic acid should be very strong, and the 
deutoxide of manganese added in small quantities at a time, in 
order to avoid increasfbg the heat of the liquid. Thus a dark- 
brown solution is obtained, which, in a temperature below 41® 
Fahrenheit, may be kept a few days unaltered ; but when exposed 
to the sunbeams, or to any increase of temperature, chlorine is 
evolved, and muriate of protoxide formed. In those cases where 
1 succeeded in charging the concentrated muriatic acid with a 
considerable quantity of oxide of Jiianganese, the proportions 
seemed to me to be such that when i destroyed the compound 
by heat, I obtained chlorine and neutral muriate of protoxide : 
the experiments, however, on which I found that opinion were 
not very accurate. When the muriatic solution is poured into a 
large quantity of water, a mixture of deutoxide and peroxide is 
thrown down, and muriate of protoxide remains dissolved. The 
muriatic solution of deutoxide, even when no chlorine can be 
discovered by the smell, acts nearly in the same way as an 
aqueous solution of chlorine, metals are instantly dissolved, and 
an adecjuate portion of deutoxide brought to the state of protox- 
ide. Tartaric acid, when thrown into such a solution, instantly 
emits carbonic acid gas ; and sulphurous acid and sulphuretted 
hydrogen, ^^hen in contact with it, instantly form sulphuric 
acid. 

I'he sulphuric acid acts nearly in the same way as the muriatic 
acid, and the sulphuric solution of deutoxide has the same 
proj)fTties with respect to metals and vegetable substances as the 
muiiatic solution, which induced Mr. Giobert, about 30 years 
ago, to believe in the existence of an oxygenated sulphuric acid. 
Sulphuric acid, when much diluted, decomposes the deutoxide 
and ioilns peroxide and sulphate of protoxide. I never could 
obtain a nitric solution of deutoxide, but always procured nitrate 
of protoxide and peroxide. 

It is a curious fact that the existence of this deutoxide has 
been very often denied, though it is of all the different oxides 
of manganese, the only one which is easily obtained in its pure 
state. As the quantity of oxygen found in this oxide seemed not 
to agree with the rules laid down for the relation of the oxygen 
of the different oxides, it was, in contradiction to all its proper- 
ties, supposed to be a compound of two oxides ; viz. of the prot- 
oxide, and a deutoxide which does not exist. This oxide is 
formed by the combustion of the protoxide of matfganese in the 
oxygen of atmospheric air, as w’^as observed by Scheele. When 
pure protoxide is heated in the air between the boiling point 
of water and that of mercury, it suddenly begins to take fire, 
and burns slow'ly with a readish light. This only takes place 
when the nrotoxide does not contain carbonic acid. The car- 
bonate, ^en heated to the same tempetmture, and under the 
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ewo circumstances^ is converted into peroxide without any 
visihle fire. I believe the single circumstance that the brown 
deutoxide is the result of combustion without the interference of 
any other substance is sufficient to prove it to be a real oxide^ 
and not a compound of two different oxides. It would be suffi- 
cient in my opinion even if the quantity of oxygen found ip this 
deutoxide dia not at all agree with that of any of the other 
oxides. I shall prove^ however, that it does agree. 

The quantity of oxygen in the different oxides of manganese 
has generally been ascertained by synthesis, and the results 
have been very different indeed, f tried the analytical method, 
and at least found the results consistent with each other, though 
differing from those of other chemists, i have already described 
the manner in which I conducted the experiment with bisulphate 
of potash ; I shall, therefore, here only mention the result. 

Two grammes of brown deutoxide gave me a bulk of oxygen, 
which, reduced to the mean temperature and }uessure of air, is 
equal to 5*3243 French cubic inches of oxygen, whose weight is 
0*151316603 gramme, and 100 pai*ts of deutoxide consist of 


Oxygen 7 *5658 

Protoxide of manganese 92*434*2 


100*0000 

92*4342 parts of protoxide contain 70*403 parts of metal and 
22*0312 parts of oxygen; and it is obvious that 22*0312 bears 
very near the same proportion to (22*0312 -f- 7*5658) = 29*597 
as o : 4, which expresses the relative quantities of oxygen in the 
protoxide and deutoxide. 

The composition of the deutoxide is : 

Oxygen 29*597 

Manganese 70*403 

100*000 

One hundred parts of manganese combine with 42*040 parts 
of oxygen in order to form deutoxide. 

On the Peroxide. 

When the deutoxide of mangane.se is boiled with pure weak 
nitric acid, a part of tlie oxygen is accumulated in (uie part of 
the manganese, while the rest reduced to protoxide is dissolved. 
The peroxide thus obtained is black : it is insoluble in acids and 
alkalies. Acids have no effect whatsoever on it, unless they are 
capable of depriving it of a part of its oxygen. Alkalies, when 
heated slightly with it, accumulate the oxygen in one part, and 
dissolve tlie manganeseous acid tfaus formed ; while the other 
part reduced to deutoxide remains undissolved. This artificial 
peroxide is a conductor of elect rioity, ami acts ia d galvanic 
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pile nearly in the same way as the grey ore of tnai^aikefie« 
which, when perfectly pure, is in its chemical properties exactly 
similar to it. The peroxide which I obtained by the exposure 
of carbonate of manganese to the air at a temperature of about 
600^^ Fahrenheit see||ied to be exactly the same, when purified by 
weak cold muriatic acid, which only serves to dissolve the Car- 
bonate that might have (jsc.aped the action of the heat and air. 

Ten grammes ot deutoxide, when boiled with nitric acid, gave 
4*703 of peroxide, which contained a considerable quantity of 
w”dter; two grammes, in another experiment, gave 0*935; and 
one gramme ol’ the first hyperoxide gave, after a long exposure 
to a red-heat, 0*71 of brown deutoxide ; 4*793 would, therefore, 
have yielded 3*40303, which consist of 0*258400 oxygen and 
3*144504 peroxide of manganese; but as 10 grammes of deut- 
oxidc lose 0*75058 gramme of oxygen when reduced to prot- 
oxide, this oxygen must be combined with 3*14450 grms. of 
protoxide, in order to form peroxide: 3*14450 grms. protoxide 
contain 0*74802 grin, of oxygen, and then take up 0*75658 grm. 
of oxygen to form peroxide. It is obvious, therefore, that the 
peroxide contains twice as much oxygen as the protoxide, and 
it is likewise obvious that the peroxide which I made use of for 
the analysis contained a small quantity of deutoxide, and that in- 
stead of 3*40303 grms. of deutoxide obtained from the peroxide, 
1 ought only to have got 3*3333 grins. 

The composition of the peroxide is, therefore, 


Oxygen 36*351 

Manganese 63*749 


100*000 

and the artificial peroxide is a hydrate consisting of 


Oxygen.,.. 16 

Manganese 30 

Water 9 


The aniilvsis by bisulphate of potash gave a result which differs 
somewhat from the above-mentioned: for one gramme yielded 
five French cJibic inches, equal to 0*1421 gramme of oxygen; 
while i ought to have got 0*1579; and 1 know of no other way 
to account for it than by the loss necessarily produced by some 
fibres of the paper on which the peroxide was collected. The 
peroxide adheres very much to the filtering paper, and cannot be 
removed witiiout diliiculty ; and any combu'fetible matter intro- 
duced into the retort with the oxide of manganese would of 
course produce a great loss of oxygen. 

There is a kind of o^ide produced by the action of moderate 
heat on tiie nitrate of manganese, its colour is blackish-brown^ 
it dissolves in strong muriatic acid witk some effervescence. 
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Benelius takes it for the real deutoxide ; but if we compare the 
very compound action of nitric acid with the sitnple effect of 
combustion in atmospheric air, there scarcely can remain any 
doubt, that not this, but the first mentioned is the real deutoxide* 
Two grammes were bv a strong red-htv^* reduced to brown 
deutoxide, and lost by t)iat 0*061 grm. This oxide, therefore, 
consists of 

One a«,„. „f peroxide . OMdd { 

One atom of deutoxide 77*677 
100*000 


Article XIII. 

Analyses of Books. 

Pharmacopaia Collcgii 3lecliconim KdiNhurgVNsis. IS 17. 

Although this edition of the Edinburgh Pharinacopa'ia has 
been published for more than three years, yet 1 have been pre- 
Yented by various causes from off nng the ob.servations and 
experiments tvhich I have made respecting it, until it may appear 
quits out of date to notice it at all. 

I am perfectly aware of the distinguished stations in science 
which many of the Fellows of the Edinburgh Coflege occupy ; 
and it is requisite only to remind the reader that Dr, ll(q)e is the 
President, and Dr. Duncan, jun. one of its Fellows, to render it 
certain that no work of this nature cun hu\e apju aied without 
having excited and ensured their unremitting attention. 

The remarks which I now' propose to otler upon this work will 
be principally confined to flio (dieniicai part of it, occasionally 
making observations upon the nomenclature ; hut the points of 
minor importance, such a.-, the arrangement anti the rt'gulations 
adopted as to v\ eights, 1 sliall leave untouched. 

Tne preparation wliich i shall first notice is termed ncidam 
acefTcum forte ; it is prepared by distilling a mixture of 12 parts 
of sulphate of iron, winch has been dried to whiteness, vrith 
10] :)arts of acetate of lead in a glass retort. 

The first objection which 1 shall state to this process is, that 
the quantities of the salts employed are not such as are required 
for mutual decomposition, d en part^ of acetate of lead require 
only about 7*o parts even of crystallized sulphate of iron for 
their decomposition, and of this quantity nearly 3*0 are water; 
admitting that only three-fourths of this proportion of water are 
dissipated by drying, the 12 parts of dried sulphate of iron will 
be nf-arly equal to 18 crystallized instead of 7*5 only as required. 
Sulphate of iron is ne>t certainly a costly article, but the gfeat 



1821 .] Th Edinburgh Pharmacopaia. 59 

excess renders the tise of large retorts necessaiyi and thus 
greatly increases the expense of the operation. 

The acetic acid actually produced scarcely merits the name 
of ** strong by which it is described. 1 find that its strengths 
is to that of distilled vinegar only about as three to one ; added 
to these objections, its odour is extremely unpleasant arising from 
empyreuma. 

Another circumstance to be noticed is, that there is left in the 
retort a mixture of sulphate of lead and peroxide of iron, from 
which it is very difficult to clear it for a second operation. 

These difficulties are all easily remedied. Let the acetate of 
lead be decomposed by sulphate of soda; the sulphate of lead 
being rejected, crystallize the acetate of soda, and decompose it 
by sulphuric acid. The acid thus obtained is not at all empy- 
reumatic; the sulphate of soda left in the retort is easily dissolved, 
and serves for a second decomposition ; the quantity of sulphu- 
ric acid required is only 2*6 parts instead of the 6*4 parts con- 
tained in the sulphate of iron directed. It is indeed true that 
there is the additional process of crystallizing the acetate of 
soda, but this is more than compensated for by omitting the 
preparation and drying of the sulphate of iron. 

Addum Murialicarn . — Equal quantities of sulphuric acid and 
common salt are directed to be employed in the preparation of 
this acid. It will be seen by Dr. Wollaston’s scale that the 
requisite proriortions are 84 parts of acid to 100 of salt. 

Addum Nitrosum, — ^I'his acid is directed to be distilled by 
decomposing 24 parts of nitre by 16 of sulphuric acid ; and it 
may be remarked tliat the product is not strictly speaking 
nitrous acid, but a mixture of it and nitric acid, the latter being 
uucmestionably in much the larger proportion. 

Without denying the propriety of directing two processes for 
obtaining w'hat 1 must consider as really and essentially nitric 
acid, I think the utility of the present directions is more than 
questionable. Dr. Wullaston has showm that, to obtain the 
whole of the acid from nitre in the state of greatest concentra- 
tion, it is requisite to employ two portions or atoms of sulphuric 
acid with one of nitre. If, however, as I have observed in my 
remarks upon the London Pharmacopoeia, one portion only of 
sulphuric acid be employed, that portion of nitric acid, which 
would otherwise be lost, may be condensed by passing through 
water. 

Considering Dr. Wollaston’s statement, and my own on expe- 
riments on the subject, I am of opinion that nitric acid ought to 
be prepared either bv the use of one atom of sulphuric acid, or 
two atoms. Tlie lidinburgh Oillege have steered exactly 
between these points; but their reason for so doing, I confess, is 
not to me at all evident. 

I put into a retort 24 parts of nitre and 16 of sulphuric aerd, 
aTld carried on the distillation as lung as rfltrio acid was produced. 
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"Pie product was of a straw colour, evidently containing but very 
little nitrous aeid , and its specific [gravity was lo]3, instead of 
1620, as stated in ike Pharmaco[)ajia. it weighed 11*6 parts; 
whereas 24 parts of nitre are capable of yielding 17 parts of acid, 
provided sufficient sulphuric acid is eni[,»loyj;cl to afford water 
enough to condense the nitric acid. That this is the case is 
proved by the experiment 1 am now relating. Sixteen parts of 
suijihuric acid contain three parts of water ; and it will bo seen 
by Dr* WoUaslun's scale that these are siifliciout to condense 
only 8*8 parts of dry nitric acid into 11*8 of nitric acid, of spe- 
cific gravity 16 ; the dilFereiice between actual and theoretical 
product being only 0*3 of a part, which is as little as can well 
be expected in ex})erimeiits of this nature. 

I have already observed that the acid uliich I obtained has 
only a straw colour, instead of a red one, as the College seem to 
expect ; and I believe that whenever the acid lias this red 
colour, it is owing to the presence of conmion sail in the nitre, 
the chlorine of which partially decomposes the nitric acid. 

Acidum Nifricum is directed to be prepared by heating nitrous 
acid, until the reddish part of it is expelled. If pure nitre be 
made use of in the first preparation, this operation is totally 
useless : indeed I am at a loss to imagine any utility in it, even 
if the acid were as red us the College seem to expect. I have on 
other occasions remarked, that when the red acid is diluted with 
water (which it always is before it is used either internally, or as 
a solvent), that the diluted acid is quite pale. If, however, the 
College wish for pale nitric acid, it would certainly he better to 
adopt the London process of using equal weights of nitre and 
sulphuric acid : this method, although too expensive for common 
purposes, saves the operation of heating the acid afterwards — 
an operation attended with some loss, and nearly as much risk 
as the first preparation of the acid. Added to this, unless tJ^e 
nitric acid be condensed by w ater, when less than tw o atoms of 
sulphuric acid are used to (uic of nitre, theie is a great loss of 
nitric acid, amounting in the process adopted to about 64 parts 
out of 17. 

Aqua Fota&s(r. — To prepare this, six parts of carbonate of 
potash are to he rendertid caustic by eight parts of lime. ITie 
theoretical quantity ol‘ lime is only 2-1 parts ; four parts, there- 
fore, instead of eight would have been more than sufficient. 
The excess occasions waste by the quantity of solution retained* 

Subcarbonas Ammonm. — One part of muriate of ammonia is 
directed to be decomposed by two parts of carbonate of lime. 
The equivalent quantities are nearly 94 of the carbonate to IDO 
of the muriate ; it must, therefore, be admitted that one part 
and a half would be sufficient instead of tw^o. The e:}^cess 
requires the use of larger vessels andmori! firing. 

• Aqua Ammottia^ — In this preparation, the quantity of lime is 
uselessly and inconveniently large. Muriate of ammonia^ is 
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decomposable by very little more than half ’its weight of Itee: 
the qnantity ordered is once and a half its weight. I have tried 
the process, and found it extremely inconvenient ; it is a most 
pungent operation to mix, as here direefed, lime and muriate of 
ammonia, the qua^itity of lime lining so very large, much delays 
the getting it into the retort, to the great annoyance of the 
operator. I confess i preler the moditication of the London 
process of 1787, wdiich J have recommended, and which, with a 
slight variation, ilic London College have now adopted. 1 found 
the specific gravity of the aqua anirnoniaB of tlie Edinburgh 
Pharmacopaua to bo 0*936*, agreeing very nearly with their 
statement ; viz. 0*939. 

Estimating by the strength of the products merely, the pro- 
cess of the Edinburgh College is more economical than the 
London in the proportion of 16 to 10. As, however, the former 
order the large quantity of lime, which they employ with the 
muriate of ammonia, to be made red-hot, the retort generally 
breaks ; and as this docs not follow* as a matter of course in the 
London process, I consider it to be really most economical ; and 
having tried both, it is certainly more easily managed. 

Tartras Antimoniiy incorrectly so called, instead of Tartras 
Antimonii et Potassm. This salt is directed to be prepared by 
the old mode of boiling crocus of antimony in a solution of 
tartar. The objections to this process I have stated at length 
in my remarks on the London rharmacopoeia. I shall, there- 
fore, only repeat, that it is an exiremely inconvenient one on ac- 
count of the difficult soluliility of the crocus, unless it has gone 
through the troublesome ]irucess of levigation or elutriation. 

Carbonan Ferri Pra cipiiaiiis. — Four parts qf sulphate of iron 
are directed to be decomposed by five parts of carbonate of soda. 
Scarcely 4^ parts of the alkaline salt are requisite. 

• Tartras Potasscc et Ferri. — This salt is correctly named ; 
whereas, as already observed, the potash has been omitted in 
the chemical name for tartarized antimony. 

Acetas Hifdrargyri. — This salt, which is not contained in the 
London Phannacopceia, is directed to be prepared by dissolving 
three parts of mercury in four and a half of diluted nitric acid, or 
in a little more tlian is required to dissolve it. This vsolution is 
to be decomposed by three parts of acetate cf potash dissolved 
in about 42 times its weight of water. 

It is of importance in making this salt, that the mercury 
should be as nearly as possible in the state of protoxide, other- 
wise but little acetate of mercury wull be- obtained ; for if the 
peracetate be formed, it is a very soluble salt, and protoacetate 
only is deposited in crystals. 

On this account I do ndt see why the College has ordered 
rather more nitric aciS than is required to dissolve the raercuiy. 
TJxe excess, which in this caiea.mounts to about one-ninth part, 
is extremely liable to be decomposed by, and to convert the 
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mercury into, peraxide, especially if heat be used ; and then the 
loss which I nave described will ensue. It is quite requisite 
that the acetate of potash should be pure; if it contain any sul- 
phuric or muriatic salts, the protoxide of mercury will be thrown 
down by them. The salt uhich I obtained w<;f.s formed by using 
acetate of soda, not finding the acetate of potash, usually met 
with, suflBciently pure. Seventy-two parts of mercury yielded me 
only 29 of acetate. Upon adding muriate of soda to the remain- 
ing solution, I obtainec! some calomel, showing that the solution 
should be evaporated for the further production of acetate. 
After this, I obtained by the addition of soda a large quantity of 
peroxide of imuTury, as will be readily conceived when it is 
observed that 72 parts of mercury gave only 29 of acetate. A 
part of this loss I am inclined to attribute to the excess of nitric 
acid already noticed. It appears to me that acetate of lead, but 
I have not tried it, might be advantageously used instead of ace- 
tate of potash. It must certainly be free from sulphuric and mu- 
riatic salts. After what 1 have stated 1 think it is evident, first, 
that less nitric acid should be used ; secondly, that less water 
should be employed, or the solution evaporated to obtain more 
acetate ; thirdly, that tlu^ peroxide formed, should be obtained 
by precipitation for preparing the oxidum hydrargyri rubrum, 

Murias Hj/drargj/ri Cormsinis , — Two parts of mercury are 
directed to he boiled with two parts and a half of sulphuric acid, 
and the sulphate of mercury resulting is to be decomposed by 
four parts of common salt. 

I have already noticed, that in preparing muriatic acid, the 
College order common salt to be decomposed by an equal 
weight of sulphuric acid, a quantity imiiecessarily large. In 
this instance, it appears to be supposed that the ivmaining por- 
tion of two parts and a half of sulphuric acid vvhich the sulphate 
of mercury contains are capable of decomposing four parts of 
common salt. It is probable, but I do not speak with certainty, 
that at least 2‘7o parts of the four parts of salt are in excess, and 
totally useless. 

Submmias Hydrargi/ri Pnripitatus . — In order to prepare 
this, equal weights of diluted nitrous acid and mercury are to be 
used to obtain a solution of protonitrate of mercury, which is to 
be decomposed by muriate of soda. The quantities of acid and 
mercury appear to be perfectly well apportioned, scarcely an 
atom of mercury remaining undissolved. In this case, as well as 
in that of preparing the acetate of mercury, it is of great import- 
ance that the mercury should not be converted into peroxide ; 
but the directions are singularly inconsistent with each other. 
In preparing thenitiate for the acetate, more acid is directed to 
be used than is required for dissolving the mercury. In prepar- 
ing the nitrate for the submuriate, the ^orders are with more 
propriety directly reversed, more mercuiy being directed to be 
added to the acid fliarf it rapable of dissolving. 
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Even however, when more mercury is used than the acid can 
dissolve, a large portion of peroxide of mercury is formed, which 
may be thrown down by an alkali after the precipitation of the 
calomel, I found that 48 parts of mercury gave 16 of peroxide 
after the calomel ha(J been formed and separated, 

Oxidum llydrarg^ri Cinereum. — Two hundred and forty parts 
of calomel are directed to be decomposed by as much lime* 
water as contains about 180 parts of lime. Jfow the muriatic 
acid yielded by the calomel employed cannot combine with 
more than 30 parts of lime : 1 do not mean to say, if lime-water 
be used, that an excess is of no importance ; but 1 think that in 
the quantity used, a })orti()n must during ebullition be converted 
into carbonate, and mix w.Oi I »e oxide of mercury obtained. It 
seems to me that potasli \ much better alkali than lime for 
this purpose ; being so reatijly soluble in water, a small quantity 
of the solution is sufficient. 

Oiidum llj/drargyri liuirum per Acidum Nitricunu — This 
substance, to uliich.so intolerably long a name has been given, 
is prepared by lirsl dissolving three parts of niercury in four 
of dilute nitrous acid. As 1 have already noticed that mercury 
is soluble in its own weight of this acid, and that some peroxide 
is foimcd ; it appears, therefore, that onofoiirth more acid is 
now ordered than is necessary. The decomposition of that 
nitric acid which holds protoxide of mercury in solution is suffi- 
cient at a higli lemperature to convert it into peroxide. 

Substdp/fas llj/di argi// i HarN'> is formed by boiling together 
tw'O parts of mercury and three of sulphuric acid. In preparing 
corrosi\e sublaiuite, the proportions are two of metal to two and 
a half ol acid, la one cahc the acid must be redundant, or in 
the other, deficient 

Aceias Plumbi. — Prepan'd by dissolving white oxide of lead 
in djstilled vinegar, lly u lute oxide of lead is meant, I suppose, 
carbonate of lead, no white oxide existing, or being mentioned 
among the materia meclica. Litharge is the oxide usually 
employed by the manufacturers of sugar of lead. 

It is of little importance to notice this preparation, because, 
while it can be bought, prepared as it now is in purity on the 
large scale, it will always be preferred on, account of its 
cheapness. 

In concluding these observations, I wish to remark, that 
although 1 have scarcely mentioned any processes of this work 
with approbation, it is not because I have found them unworthy 
of it : on the contrary, there are many parts w hicli J can recoxn* 
mend with the greatest confidence to those who may m future 
undertake the office of reforming a Pharmacopoeia. 
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Article XIV. 

Proceedings of Philosophical Societies. 

KOVAL SOCILTY. 

23. — A letter to the President from the Karl of IVIorton 
wuread, communicating a curious fact in natural history. 

The Earl of Morton had received some years since a male 
Quagga from the Cape of Good Hope. From this and an Ara- 
bian blood chestnut mare a female hybrid was produced, which 
possessed indications both as to colour and form of her mixed 
breed. In the possession of another person, the same mare 
was afterwards bred from by an Arabian horse ; the result 
was singular, as, although it had the general appearance of the 
Arabian breed, it bore, in several respects, characters which 
belong to the Quagga, such as strii>es and marks on the body, 
and in the hair of the mane. 

JVbt). 30. — ^This being the usual day for the election of ofticcrs 
for the ensuing year, the following noblemen ami gentlemen 
were appointed : 

President. — Sir Humphry Davy, Bart. 

Treasurer. — Davies Gilbert, Esq. MP. 

Secretaries. — William Thomas Brande, Hsip 
Taylor Combe, Esq. 

Council, — Dr. Ash. 

William Blake, Esq. MA. 

Earl Bro willow. 

Bishop of Carlisle. 

J. G. Children, Esq. 

Sir G. Clerk, Bart. 

H. T. Colebrooke, Esq. 

J. W.Cioker, Esq.^ 

Charles Hatchett, Esq. 

.J. F. W. Herschell, Escp 

Sir Everard Hume, Bart. 

Capt. Henry Kater. 

.J. rlanta. Esq. 

J. Pond, Esq. 

Earl Spencer. 

Dr. W. H. Wollaston. 

^ Dr., T. Young, Foreign Secretary. 

I}ec, 7. — Sir Humphry Davy, on taking the chair, in a short 
address adverted to the objects of the Royal Society : he 
alluded also to those philosophical associations whose objects 
were similar, but confined to parti<mlar branches of science. 
The present state of the sciences, and the great share which 
the Koyal Society bad in their improvement, w’ere nextiroiuted 
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oiAt; and, as connected with cheini8trY> he. recommended the 
subjects of duorine, and the amalgamation of ammonia with 
mercury. 

JJec. 14. — A paper, by Mr. Faraday (communicated by tho 
Secretary), was read. It described the composition and proper- 
ties of two new coinpoimds of chlorine and carbon, and one of 
iodine, hydrogen, and carbon. The reading of this paper was 
concluded on the 21st, when the Society adjourned. 

The first chloride of carbon obtained by Mr. Faraday was 
procured by acting upon chloric ether with chlorine. The 
muriatic acid gas formed by their mutual action, when exposed 
to the sun’s rays, being repeatedly expelled by the introduction 
of fresh chlorine, a crystalline substance was obtained, wbich is 
the perchloride of carbon. Mr. Faiaday then details a method 
by which it may be obtained m purity, and it then has the fol- 
lowing properties ; It is colourless and transparent : its smell is 
rather aromatic, somewhat resembling that of camphor. Its 
taste is very slight ; and it is nearly twice as heavy as water. 
It is easily pulverized ; when scratched, it has the appearance of 
white sugar, and it is of about the same degree of hardness as 
this substance. It is a non-conductor of electricity. At a 
medium temperature, it volatilized slowly; at 32(i° it melts; 
and at3G0^ it boils. It is insoluble in water, but soluble in alcohol 
and in ether ; it is not readily combustible under common circum- 
stances ; but heated in puixj oxygen gas it burns, and sometimes 
brilliantly. When heated, it sublimes in a crystalline form, and 
those crystals obtained from its solution in ether are quadrangular 
plates, it appears to be composed of three atoms of chlorine = 
1U0*5, and two atoms of carbon = 11*4. 

It IS soluble in oils, both volatile and fixed. At a red-heat, 
but not below it, oxygen acts upon it ; the electric spark did not 
indam^ a mixture of the vapour of it with oxygen even at about 
40<)® Fahr. nor did hydrogen cause any change in it under the 
same circumstances ; but on passing them through a red-hot 
tube, decomposition took place. JMuriatic acid gas was formed, 
and carbon deposited. Sulphuric acid does not appear to act 
upon it at all. The metals for the most part decompose the per- 
cnloride of carbon at high temperatures. Potassium burns 
brilliantly in the vapour of it; and iron, tin, &c. combine with 
the chlorine, and deposit the carbon. 

When passed through a red-hot tube, it is decomposed, 
chlorine is evolved, and the protochloride of carbon obtained^ 

Protochioride of Carf/on, — ^1‘his is formed by heating the per- 
chloride to dull redness; it at first sublimes, but eventually^ 
chlorine is evolved, and the protochioride formed ; and being 
vaporized is condensed into a fluid. By repeated distillations 
it IS proenred perfectly coloftrless and limpid, and possessing the 
following prof^rties. Its specif gravity 1*5^6. It is a non- 
conducthr of electricity ; its refiMtsw pwer is vety^nearly ihail^ 
New Series, voL. i. e 
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of camphor. It iiicoqsd^ostible, except in the flame of a spirit- 
lamp^ and it then yields muriatic acid, with a bright yellow 
flame. 

It remains fluid at 0® of Fahr. ; heated under water to about 
1 65®, it is vaporized ; and while the tempej'ature is continued, 
remains so. When strongly heated by being passed over rock 
crystal in a glass tube, a portion of it is decomposed ; and car- 
bon is deposited in the tube ; but whether this decomposition is 
to be attributed merely to the heat, or to action upon the glass, 
is uncertain. Like the perchloride, it does not unite with water, 
but it combines with alcohol and ether ; the solutions burn 
with a greenish flame, and muriatic acid fumes arj percep- 
tibly evolved. The fixed and volatile oils also combine with it. 
The metals act upon it nearly in the same way as upon the per- 
chlorides ; potassium acts slowly upon it at common tempera- 
tures, but when heated in the vapour of the protochloride, 
brilliant combustion ensues, and carbon is deposited. Neither 
nitric, muriatic, nor sulphuric acid, act upon it, and it does not 
combine with alkaline solutions. Hydrogen passed through the 
vapour of this chloride decomposes it at a high temperature, car- 
bon is deposited, and muriatic acid formed. It appears to 
consist of one atom of each of its constituents, or 33*6 chlorine 
-f 5*7 carbon. 

Mr. Faraday has also in this paper given an account of a triple 
compound of iodine, carbon, and hydrogen. It was procured by 
exposing iodine in olefiant gas to tne solar rays. Crystals w^ere 
gradually formed ; no hydriodic acid appeared to exist in the 
vessel ; and hence olefiant gas had not been decomposed, but 
merely absorbed by the iodine. The triple compound of iodine, 
carbon, and hydrogen, was purified by potash, which dis- 
.solved the uncornbined iodine. It is a colourless, crystalline, 
friable body ; its ta.ste is sweetish, and its smell aromatic. It is 
a non-conductor of electricity. By heat, it is first melted, and 
then sublimes unchanged, and condenses into crystals which 
are either tubular or priMuatic. At a high temperature it sufiera 
decomposition with the evolution of iodine. It burns in the 
flame of a spirit-lamp, giving iodine and hydriodic acid. It ia 
soluble in ether and alcohol, but not in water, acid, or alkaline 
solutions. At between 3U0® and 400®, it is decomposed in sul- 
phuric acid, but probably by the mere heat. Mr. Faraday con- 
siders this substance as analogous to chloric ether. He proposes 
to call it hydrocarburet of iodine. Mr. Faraday has not yet 
procured an iodide of carbon ; but he entertains well-grounded 
hopes of being aV^le to succeed when the sun’s rays are more 
powerful than at this season of the year. 

On account of the extreme importance of the facts contained 
in the paper of which I have now giVen an outline, I shall take 
the earliest opporUmity permitted by the Royal Society of laying 
the whole of it before the reader. 
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GEOLOGICAL SOCIETY. 

The meetings of this Society were resumed on Nov. 3, when 
the following papers were read : 

A notice accompanying specimens of Lead Ore in Toadstone, 
from near Matlock, D»?rby shire, by Charles Stokes, Esq. MGS. 
was read. 

It has been a prevalent opinion that the veins of lead ore, 
which occur in the limestone of Derbyshire do not traverse the 
beds of toadstone which alternate with the limestone. It appears, 
however, from the information of Mr. Tissington, that this is an 
error. A vein had been worked in the limestone above the 
toadstone at the Seven Rakes mine, and abandoned on coming 
to toadstone from the general idea that the veins w ere cut off by 
it. About a year ago, however, some miners ascertained that 
the vein continues through the toadstone, and it is now working 
with profit. Another vein in the side mine is also working in 
the toadstone. 

A notice} of fossil plants having been found at the Col de 
Balme, by II. T. de la Bechc, Esq. MGS. was read. 

The Col de Balme at the head of the valley of Charnouny, 
whicli by M. Ehel is stated to consist of primitive rocks, is com- 
posed of beds of clay-slate, of limestone, and of a few thin beds 
of sandstone : these seem to be a continuation of the limestones 
which arc remarked in patches in the valley of Charnouny, and 
which probably once occupied the whole length of the valley. 

While crossing the Col de Balme in the autumn of 1819, 
M. de la Beche collected specimens of the thin beds of sand- 
stone containing vi*getable impressions precisely similar to those 
which are usually found in coal formations. He also procured 
at Charnouny some specimens of clay slate found on the Col d,e 
Balme, and w hicli had impressions of the plants of coal forma- 
tions covered by beautiful white talc in very thin laminae. 

The Supplementary Remarks on Quartz Rock,'^ by Dr. 
Macculloch, MGS. were read. 

A further examination of the westward of Sunderland, where 
gneiss abounds in all its varieties from the granite to the scliis- 
tose, has enabled Dr. Macculloch to ascertain its alternations 
with quartz rock. The latter appears sometimes in a detached 
state, occupying the summits ot those mountains of which the 
cliief mass consists of gneiss, as is the case in Ben Stack, and 
in the northernmost Ben More; or it is found covering extensive 
tracts of country, and occupying the lowest as well as the 
Highest land, as in the instance of the great tract from Ben More 
Assy lit to Canasp and Curiach. 

On the north side of Glendhu, the bed of quartz rock is about 
100 feet thick: it reposes on the gneiss which extends to the 
western sea, and consists of very even and parallel strata, of an 
extremelj>^ compact variety. This mass is foUotved by a similar 

E 2 
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E eiss to that which lies below it, and in crossing the ridge to 
chmore, the quarts is again found on one of the inferior 
minim its. 

In Ben Ay, Ben Klibrigg, and other parts of Sutherland, there 
appears a gradual transition between the two rocks ; the gneiss 
first assuming the aspect of micaceous schist, which then 
passes into a micaceous and highly schistose quartz rock, and 
ultimately into pure quartz. 

In many parts of the coast of Sutherland, quartz rock is 
found alternating with red sandstone, both in single beds and in 
mountain masses. The same appearances are observable in 
several parts of Ross-shire. The quartz rock of which the 
entrance of the eastern side of Loch Eribol is composed, and 
which is remarkable for the magnitude and number of the caves 
which it forms, contain pyrites in considerable quantity ; and in 
consequence of the decomposition of the substance, is frequently 
stained of a reddish brown colour so as to resemble granite. In 
this neighbourhood the quartz rock presents examples of consi- 
derable curvatures. 

In the district of Mar, Dr. Macculloph has found a perpetual 
alternation of gneiss and micaceous schist with quartz rocK, and 
the apparent transition between the tw^o is so perfect that with- 
out a minute e.xamination of the fractured rock, it is impossible 
to determine which it presents. In the northern parts of Aber- 
deenshire, this association is less common. 

The last conjunction of quartz rock observed by Dr. Maccul- 
loch consists of a repealed alternation with micaceous schist, 
chlorite schist, and hornblende schist. This series extends over 
a considerable tract of country in a regularly stratified manner, 
the beds of the different rocks rarely exceeding a few yards, and 
often being only a few inches in thickness. 

Quartz rock has not been hitherto found to contain any 
imbedded minerals, except pyrites and garnets. 

Nov. 17. — The Description of a Visit to the Nilghurries, a 
Range of Hills in the Coimbatoor District, (East Indies) by 
Nathaniel Kindersley, of the Madras Civil Service ; communi- 
cated by B. Babington, Esq. was read. 

Dec. 1. — A letter from (L Mantell, Esq. accompanying the 
drawing of a fossil vegetable from the Sussex sandstone, was 
read. 

This specimen, which is from the beds of sandstone that occur 
in the Oak-tree Clay of the south-eastern part of Sussex, derives 
additional interest from the circumstance of its being associated 
with the remains of the Ichthyosaurus, and of some species of 
Lacerta. It bears a closer affinity to the Eupherbiai than to any 
other recent vegetable ; and it strikingly resembles the fossil 
plants of the gritstone of Derbyshirti and other places. 

A paper On the Valley of the Sutleig River tn the Himalaya 
Mountains/^ by H. T. Cofebrooke, Esq. VPGS. was retdi 
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In a journey undertaken in the autumn of 1818 by Lieut. A* 
Gerard, accompanied by his brother, for the purpose of approxi. 
mating towards the extreme height of Manabarover by barome- 
trical measurement of the bed of the Sutleig, a variety of 
specimens illustrativej| of the geological structure of the lower 
and middle valleys were collected, but in consequence of 
the many difficulties which were encountered on the route, and 
the accidents which happened to the travellers during their pro- 
gress, this series has been rendered less perfect than it otherwise 
would have been. 

The banks of the Sutleig, in the lower ^ alley, at the elevation 
of 2000 feet above the level of the sea, are composed of limestone 
which is apparently primitive. The general inclination of the 
strata is stated to be 10° or 15°, and the direction much diversi- 
fied. AtJaure, on the northern bank, hot springs issue within 
two or three feet from the river. A thermometer plunged into 
one of them rose to ld0° of Fahrenheit ; while the temperature 
of the river was (il°. 'fhe water has a strong sulphureous smell, 
and encrusts the pebbles among which it runs with a yellow 
substance, Limcsione seems tlie prevailing rock on the hills 
which bound the adjacent valleys. Among the specimens is a 
stalactite from the roof of a case near tin; top of the Carol moun- 
tain, and about (i.MK) feet above the level of the sea. 

Ill crossing the Himalaya at the Bruauy pass, w'hich is the 
route of commumcation between the middle valley of the Sut- 
leig and the valley of the Paber, and of which the extreme alti- 
tude IS 15,000 feet, mica slate, gneiss, and granite (some of the 
specimens containing garnets, and others tourmaline), were 
found ; and veins of quartz and mica, and quartz and hornblende, 
are observable in the specimens which have been transmitted. 

The mean lieight ofthe Sutleig near to its influence with the 
Bespa, is t),300 feet. The rocks whicli here form its banks are 
inclined 25® — 3(>°, and dip eastward : they consist of granite, 
gneiss, quartz rock, granular quartz; quartz, and mica, and gra- 
nite with hornblende. Between this spot and Rispe, from 
6500 to 0800 feel above the level of the sea, the rocks are 
chiefly formed of a whitish crumbling granite. The Cailas, or 
Raldaug mountains on the south, an assemblage of pointed 
peaks, covered with snow, and more than 20,000 feet in height, 
are to all appearance composed of the same kind of rock. 

Overhanging the town of Marangis is a mountain of clay slate. 
Upon it, at an elevation of 12,000 feet, heath, juniper, and 
gooseberry bushes, are growing. In advancing to the Tungrang 
pass, which is 13,740 feet above the sea, rocKS formed chi 
of compact quarU, with chlorite, were observed. The pass 
itself exhibited clay slate, with pyrites and globular mica. 

A few miles further on, gtanite, gneiss, mica slate, quartz and 
nma, actinolite, with quartz and garnets, pyrites in quartz, a 
bluish-^ey limestone, with white veins andcaicareoas tufa, warn 
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found. Here the strata, according to Lieut. Gerard’s observation, 
run north-west to south-east, and dip to the north-east, at an 
angle of 40° or 45°. 

In the neighbourhood of Namptusangi, the bed of the Sntleig 
is 8220 feet above the sea, and consists Of^ only two sorts of rock, 
yiz. mica slate and granular quartz, with imperfectly crystallized 
hornblende. At its confluence with the Le river, the banks are 
composed of granite. On ascending the latter stream, the 
banks were found to exhibit specimens of slate, potter’s clay, 
marl, or loam and sand, and stalactitic carbonate of lime. 
Higher up the same river, and in the vicinity of Change, where 
the bed is not less than 9000 feet above the sea, primitive lime- 
stone, blue and likewise greyish-white, with disintegrated pyrites, 
were found ; also mica slate, with fragments of veins. In one 
instance, white quartz with mica, hornblende, and garnet; in 
another, actinolite, with qtiartz, mica, and garnet. 

Between Namgia and Shissk^, where the survey eastward 
terminated, and where the bed of the river is 9000 feet above 
the level of the sea, the rocks are composed of granite, with 
and without tourmaline and garnets, gneiss, mica slate, compact 
quartz, cyanitc, with quartz and mica, and compact felspar, with 
hornblende. 

North of the pass of the Shisske-ghiite is situated the 
Tarhigang mountains, which Lieut. Gerard ascended to the 
prodigious height of 19,411 feet above the level of the sea, and 
within two miles of the top, which is estimated at 22,000 feet. 

The rocks here lie in immense detached masses, heaj)cd upon 
one another. One specimen of whitish primitive limestone, and 
another of granite, with tourmaline and garnet, which were 
found at this station, have been preserved. 

The Rol or Shatul pass, over the Himalay mountains, by 
which the surveyors returned from this arduous journey, is 
nearly 15,000 feet high. The rocks at the summit of this pass 
consist of gneiss ; and the peaks on each side, rising to an eleva- 
tion of nearly 3000 feet more, appear to be formed of the same 
materials. On descending the southern side from the llol, at 
the height of 12,000 feet above the sea, the rocks are found 
generally composed of gneiss ; and on the northern side, the 
prevalent rock was ascertained to be granular quartz. 

Seeds of a species of Campanula were gathered at the eleva- 
tion of 10,800 feet above the level of the sea, at a spot where 
the thermometer at noon in the middle of October w as 27° of 
Fahr. Shrulrs were found in a vegetating state at a still greater 
altitude. 

Dec, 15. — A Notice resecting the Cally Copper-Mine in 
Scotland,” John Taylor, Esq. Treasurer of the Geolog. Soc. 
was read. This mine is situated near Gatehouse, a small town 
in Kircudbrightshire, on the mail road from Dumfries to Port 
Patrick. Veins producing lead had been worked Ihere for 
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several years, but the existence of copper was not suspected 
until some labourers who were employed to drain a swampy 
piece of ground near the top of the hill of Cally, discovered 
several masses of a rich ore. The mine has been since worked 
under the direction of a company, and has already produced 60 
to 70 tons of coppel-, worth nearly 15/, per ton. The direction 
of the veins which run east and west of the shaft, that was sunk 
to the depth of eight fathoms, on the spot where the ore was 
first found, and seem to incline together, holds forth the prospect 
of a regular vein in depth 

The ores are of a mixed character, containing the yellow and 
coated varieties, with some green carbonate. 

A paper On a recent deposit of Compact Limestone,” by 
Charles Stokes, Esq. MGS. was read. 

On examining a congeries of fragments of recent corals and 
shells, supposed to be from the Mediterranean, portions of a 
compact limestone were found enveloping and encrusting the 
corals and shells ; and as it is well knowm that corals cannot 
penetrate substances that are much softer than compact lime- 
stone, it necessarily follow's that this limestone must be a recent 
deposit. One of the corals, discovered by a fortunate fracture, 
retains all its beautiful structure, although completely imbedded 
ill limestone. 

An extract of a letter from Mr. William Jack to H. T. Cole- 
brooke,Esq. VPGS. dated Feb 5, 1820, and communicated by 
Mr. Colebruoke, was read. 

The island of Penang off the. Malay Peninsula is entirely com- 
posed of granite, varying in the fineness and coarseness of its 
grain, and sometimes in containing hornblende. In the island 
of Singapore, the rocks are secondary, the principal one is a red 
sandstone, of which the strata have a considerable dip to the 
south, or south-eastward, and which changes in some parts to a 
brdccia or conglomerate. A small hill near the town is com- 
posed of argillaceous ironstone. These are the prevailing mine- 
rals along the eastern coast of the Peninsula ; and the last 
mentioned strata appear to be connected with the alluvial depo- 
sits of tin, which are so abundant on this coast. The principal 
mines are at Salengore and Pera, where the tin is found in hori- 
zontal beds alternating with clay strata, and so pure as only 
to require to be washed and reduced. Near this tin, the primi- 
tive and volcanic ranges seem to meet ; the former descending in 
a south-eastern direction through the Malay Peninsula, and the 
parallel island of Sumatra, from the Himalaya range, until it 
comes in contact with the volcanic series,' which runs from 
thence nearly east, through Java and the chain of islands that 
lie off its eastern extremity. 
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Article XV. 

SCIENTIFIC INTELLIGENCE, AND NOTICES OF SUBJECTS 
CONNECTED WITH SCIINCE, 

I. Test for Barytes and Strontia. 

Ba**ytes and strontia may l»e readily distinj»uished from each other by the 
follttUMiii! pmce^s: Make a solution oFtl)e earth, whichever it may be, either 
by nitric, nuniaric, or some otlierarid, which will form a soluble salt with it: 
odd so4Uti<iii of sulphate of soda in excess, filter, and then test the clear fluid by 
suhcai lionate of pota>h. If any precipitate falls down, the earth was stiMiitja; 
if the fluid remains clear, it was barytes. — (Journal of Science and the Arts, 
vol. X. p. J89 ) 

ir. Ammoniacal Alum. 

M. Anatole Rlfl.uilt has detailed a set ofexperiments made upon ammoniacal 
alum. No analysis of this salt, he states, is to be found in any treatise on 
chemistry, lie observes also that a knowiedue of its composition is necessary 
to make an exact analysis of the different varieties of alum, some ofwhith cou- 
sin a quantity of this salt, especially iliose which are not manufactured in 
France. IJavim* purified the aiiimoniucul alum of commerce f>y repeated crys- 
tallizations, So as to free it from iron, it was dried by exposure to the air j 
IS gr. -1 'JO of this salt were first geiitiv, and afterwards strongly, heated in u pla- 
tiiia (Tucihle for an hour and a halt; the lesiduum was pure alumina; it 
W'eigfierf 1 irr. (JOS, eijnal to 1 1-941 per tent. On repeating the experiment, the 
alumiiM amounted to 11 869 per cent, giving a mean of 11’906 per cent, of 
alumina in ammoniacal alum. 

I o determine tfie quantity of sulphuric acid, a solution of 6 gr. 52^2 of the 
alum w as decomposed by muriate of baiytes; the sulphate weighed 7 gr, 010, 
» 2 itr. 304 7 of suipburjc acid, or 36*104 percent. This experiment on repe- 
tition gmo 33*991 per cent, or a mean of 36 042. 

AI. itiflaidt roiiclufles, that in the aiitinontacal alum 11906 of alumina are 
combiiit'fl with 26*979 of sulphuric aciil, tlie remaining 9 063 of the acid 
uintmg witli 3 898 of amiiKima. Tfie composition of ammoniacal alum he, 
therefore, stales to be : 


Sulphate of ammonia 12*961 

■ aluimna 38 885 

48*154 


100 000 

The atomic constitution ofthi.s salt he considers as 

One atom of sulphate of aininoiiia 71 67 .. .. 12*838 

I hi ee atoms ot sulphate of aluimim 216*69 38*810 

Twenty four atoms of water 269*88 48 346 


558*24 lOO-UOO 

In the next number of the Annals I shall probably state the results of some 
«apenifiefirs wliich i have made on alum, including the amnioni«cal alum abcH'e- 
JBejitiojted. 

111. Sulphate of Indigo as a Test to determine the Strength of Solutions if Oly* 
mur iate of Limes 

It is welbknowti that bleachers who employ solution of oxymuriate (chloride) 
of hme, are in the practice of determining its strength by the quantity of'^ givea 
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elution of sulphate of indigo which it is capable of discharging. Ffoin aoiiia 
ospenments made on this subject, I find that this test is tiot bj any means 40 
be relied upon, as will appear by the (bllowing statement: 

I prepared solutions of oxymiiriate of lime and sulphate of indigo of such a 
degree ol strength tliut equal measures, when mixed, destroyed the colourofUio 
indigo. 1 then diluted tlie solution of oxymuriate of lime tu the following pjpo* 
portions, and with tiie annexed results : 

One measure of solution of oxymuriate of lime, 

One measure of water. This mixture destroyed the colour of l^th measwv 
of solution ol indigo. 

One measure of solution of oxymuriate of lime, 

Three measures of water ; destroyed the colour of measure of solution of 
indigo. 

One measure of solution of oxymuriate of lime, 

Seven measures of water. This discharged the colour of j measure of soki-. 
tion of indigo. 

It appears, therefore, that by mere dilution, the discharging power of oxymu* 
riate of lime is much increased; an equal quantity of water raising its power 
one>fiith, three times its bulk, one-fourth; and seven times its quantity, four- 
tenths. 

Dr. Henry, to whom I mentioned these facts, accounted for them (if I remem- 
ber rightly) by supposing that when ilie ctnicentrated solution of oxymuriate of 
lime is used, the sulpliuric acid of the sulphate of indigo expels a portion of 
clilorme in the stale of gas, and winch has no action upon the colouring matter. 
1 tiiink It is worth the consideration of bleachers, whether some coloured solu- 
tion could not be adopted free from this ambiguit y ; for it must be evident that 
the bleaching power of the oxymuriate is not accurately expressed by that of 
its discharging the colour of sulphate ol indigo. A standard solution of cochi- 
neal niiglit be made and preserved by coinmon salt ; at least, 1 have no doubt 
it may be so kept, for I find that blue vegetable infusions used as tests for acids 
and alkalies arc very perfectly preserved by it. 

IV. On the Application of Chromate of Lead, to Silk, Woollen, Linen, and 
Cotton. By M. J. L. Lasiraigne. 

The colouring matters which were formerly fixed upon cloths were derived 
from orgaiiiied matter; none were supplied by the mineral kingdom, although 
so rich III colouring combinations unaheriihle by the air; and ills only within a 
a few years that some oi' these mineral productions have been applied to the art 
of dyeing. 

Al. Raymond, of Lyons, was |lie fiist, who, by a process, equally simple and 
ingenious, fixed prussiau blue upon silk, and gave to the art of dyeing a bril- 
liant and unchangeable colour. 

Last year, Al. Braconnot, of Nancy, by applying sulphiiret of arsenic (orpi- 
ment) to cloths, procured a yellow colour, but less durable than the former. 

Ill the Conroe of some experiments upon chromate of lead, I succeeded in 
cotnbining this salt with all cloths, by a process similar to that which AI. Kay- 
mond employed to dye silk with prussiate of iron. 

After having immersed well-cleaned skeins of silk fora quarter of an hour in 
a weak solution of subacciaie of lead, 1 took them out, and washed them in a 
large ciiantity of water; the object of this preparation was to combine the silk 
with a certain quantity of subacetate of lead. These cloths, thus prepared, 
were afterwards immersed in a weak solution of neutral cliromate of potash,* 
tlmy took a fine yellow colour, which Goiuinued to increase ; at the end of tea 
iDinures, the effect ceased, time is to say, the skeins of silk had received the 
maxiintim of colour, which could be yielded by the quantity of subaee^a 
of lead with which they were cunsbined : they were th^ washed and dried. 

# 

^ The eoIttdoB ef oaltre dnemate of iwm, deeo mp oea d hjr nitrate ef feMti Md 
Minted with nitric add, may he cmpleyMl'iritb ey«dw dvdi tiig c. 
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Th« colour, like those supplied by the mineral kingdom, was unalterable by 
exposure to the air; by varying the proportions of sub-acetate of lead, and 
chromate of potash, tints varying from pale to deep yellow may be obtained. 

The same process is applicable to woollen, cotton, and linen ; but it is better 
to digest these different cloths in a solution of acetate ot lead, heated to about 
130® of Fahrenheit. 

From the inconvenience which this colour posse!^'»es as well as the former, of 
being partially decoinjinsed by soap, I am of opinion that it can be employed 
only fur dyeing silk.— (Ann. de Chim. vol. xv. p. 77.) 

V. Process for procuring pure Zirconla. 

Powder the zircons very fine, mix tliem with two parts of pure potash,^ 
and heal them red hot in a silver crucible for an hour. JVeat the substance 
obtained with distilled water, pour it on a filter, and w’ash the insoluble part 
well ; it will be a compound of zirconia, Mlex, potash, and oxide of iron. Dis- 
solve it in muriatic acid, and evaporate to dryness, to separate the silex. He- 
dissolvc the muriates of zirconiuand iron in water; and to separate the zirco- 
nia which adheres to ihe silex, wash it with weak munatic acid, and add it to 
the folution. Filter the fluid, and precipitate the zirconia and iron by pure 
ammonia; wash the precipitates well, and then treat the hydrates with oxalic 
acid, boiling them well together, that the acid may act on the iron, retaining it in 
solution whilst an insoluble oxalate of zirconia is formed. It is then to be 
filtered, ami the oxalate washed, until no iron can be detected in the water that 
passes. '1 he earthy oxalate is, when dry, of an opalmc colour ; after being well 
washed, it is to be decomposed by heat ni a platinum crurihle. 

Thus obtained, the zirconia is peifectly pure, but is not alfected by acids. It 
must be re-acted on by potash as beli»re, and llien washed until the alkali is 
rernm^d Afterwards dissohc it in muriatic acid, and precipitate by ammonia. 
The hydrate thrown down, wlieii well washed, is perfectly pure, and easily 
soluble .n acids.— (MM. Dubois and bilveira, Ann. de Chim.voi. xiv. p. 110.) 


Article XVI. 

NEW SCIENTIFIC BOOKS 

PRKPAlllNO Fon PI BLICATIOIf. 

Shortly will he puhli.'.hed A Series of Questions and Answers in the Practic® 
ofFliysic, Materia Medica, See. written ft»r the l^se of (»entlemen preparing fo** 
their Fxvmiiiiation at Apothecaries' Hail. By C. M. Syder, Surgeon. 

Mr Arrowsniith has nearly ready for publication, A Map of the Constella- 
tions, in two large sheet*', accompanied by a memoir. 

Shortly will he published, The Princi|jles of Foreign Medicine, explained, 
illustrated, and applied to Biitish Practice. By J. (i. Smith, MD. 

J)r. Bamshottfim has nearly ready, Practical Observations on Midwifery, 
with a Selection of Cases. 

Dr. A.yreis printing a new edition, with additions, of his Practical Observa- 
tions on Disorders of the Liver. 


JUST PUBLi^nEI>. 

A System of Chemistry, in Four Volumes, 8vo. By Thomas Thomson, MD. 
Kegiiis Professor of Chemistry in the University of CJIasgow, 3ic. ficc. Sixth 
£di tion, revised and corrected throughout. Price 3/. boards. 

A Dissertation f»n the 'IVeatmeiit of Morbid Local Affections of the Nerves, 
By Joseph Swan. 8vo. 10s. (ad, * 

All Essay on the Diagnosis betweeu Erysipelas, Phlegmon, and Erjrthania* 
By George Hume WeAiierliead, MD. 8vo. 4f. « 
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The Pharmacopaiia of the Royal College of Physicians of London, 1809, lite- 
rally translated by George Fred. Collier, Surgeon. 8vo. 10«. 6d. 

Elements of Chemistry, with its Application to explain the Phenomena of 
Nature, &c. By James Millar, MD. 8vo. Ii2*. 

Sound Mind, or Contributions to the Natural History and Physiology of the 
Human Intellect. By llaslam, 8vo. 7s. 

Practical Treatise on the Diseases of the Eye. By John Vetch, MD. 8ro 

10«. 6d. 

A Treatise on Mildew, and the Cultivation of Wheat, including many Agri- 
cultural Hints. By Francis Blaikie. Is. 6d. 

The Botanical Cultivator, or instructions for the Management of Plants cul- 
tivated in the Hot- Houses of Great Britain. By Robert bweet, FLS. 8vo* 
10s. 6d. 

Grisenthwaite’s New Theory of Agriculture, in which the Nature of Soils, 
Icc. is explained. By J. C. Ciirwen, Esq MP. 8vo. 5s. 

View of the Intellectual Powers of Man, with Observations on their Culti- 
vation, adapted to the present State of this Country, 8vo. 5s. 


Article XVII. 

NEW PATENTS. 

William Acraman, Jun. and Daniel Wade Acraman, of Bristol, for improve- 
ments in the processes of forming the materials for manufacturing chains and 
chain-cables. Oct. 16, 18^20. 

Joseph Main, F.sq. of Bagnio-conrt, Newgate-street, London, for improve- 
ments on wheeled-carriages. Oct. 20. 

James Richard Gilmour, of King-street, Southwark, and John Bold, of AlilU 
pond Bridge, Surrey, for improveiuents on printing-presses. Oct. 20. 

Thomas I’rest, ofChigwell, Essex, for a new and additional movement to a 
watch to enable it to be wound up by the pendant knob, ‘without any detached 
key or winder. Oct. 20. 

John Bickinshaw', of Bedlington Iron W^'orks, in the county of Durham, for 
improvements in inanufacturing and construction of a wrought or malleable iron 
r^il road or way. Oct. 23. 

William Taylor, of Wednesbury, Staffordshire, furnace- worker, for an im- 
proved fnrnaco for smelting iron and other ores. Oct. 2.S. 

Thompson Pearson, of Soutli Shields, for an improvement on rudders. Nov. 1. 

Henry Lewis Loheck, of lower-street, London, for an improvement in the 
process of making yeast. (Communicated by a foreigner to him.) Nov. 1, 

Samuel Wellman Wright, of Upper Kensington, Surrey, for a combination in 
mnchiiiery for making bricks and tiles. Nov. 1. 

Peter Hawker, of Long Parish House, near Andover, for a machine, instru- 
ment, or apparatus, to assist in the proper performance on the piano-forte, or 
other keyed in&trunicut.s. Nov. 1. 

Thomas Boiisor Crompton, of Farrnwortli, I.4mcaster, for an improvement in 
drying and hnishing paper, by means hitherto unused for that purpose. Nov. 1. 

William Swift Torey, of Lincoln, for certain improvements in drills, to be 
affixed to ploughs. Nov. t. 

John Winter, Esq, of Acton, Middlesex, for improvements on chimney-caps, 
and in the application thereof. Nov. 7. 

William Carter, of St. Agnes Circus, Old-street road, printer, for improve- 
laents in steam-engines. Nov. 11. 

Thomas Dyson, of Abbey Dale, Sheffield, for an improvement, or improee* 
xn^Dts of plane irons and turning chisels. Nov. lk« 
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CoL Beaufot/^$ Antrow^icalf Magnetical, 

Article XVIIL 

Astronomical, Magnetical^ and Meteorological Observations^ 
iSy Col. Beaufoy, F.R.S. 

Bushel/ Heath, near Stani^ore. 

Latitude 51® 37' 4i*3" North. Longitude West in time 1' 20*93". 

A sfronomica I Observation s . 

Not. 1. Emersion of Jupiter’s first! 7** 40' 51" Mean Thneat Bushejr. 

satellite } 7 42 12 Mean Time at GreoBvioh. 


Magnetical Observations, 1820. — Variation West. 


Month. 

Morning Observ. 
Hour, j Variation. 

1 Nooi 

1 Hour. 

n Observ. 

j Variation. 

Even] 

Hour. 

ing Obserr. 

Variation* 

Nov. 1 

8h 

35' 

! 24® 31' 

46" 

jii 

25' 

1 24® 38' 

10" 



2 

8 

40 

i 24 

31 

36 

1 

30 

24 

37 

58 



3 

8 

40 

! n 

32 

12 

1 

35 

24 

37 

48 



4 

8 

35 

! 24 

32 

18 

1 

20 

24 

38 

09 



5 

8 

45 

! 24 

31 

37 

1 

20 

24 

37 

16 

c 

o 


6 

8 

40 

24 

32 

21 

1 

20 

24 

.38 

00 1 J 


7 




1 

— 

— 

1 

25 

24 

40 

59 

j 'a 


8 

8 

40 

' 24 

32 

32 

1 

30 

24 

.88 

08 

c 

1 o 


9 

S 

40 

! 24 

32 

27 

1 

20 

24 

38 

00 ! % 


10 

‘ 8 

40 

24 

32 

08 

1 

35 

24 

.37 

28 

< t i 


il 

8 

85 

24 

32 

10 

1 

25 

24 

37 

35 

i 1 


12 

8 

40 

24 

32 

50 

1 

15 

24 

37 

28 



13 

8 

40 

24 

3t 

45 


— 

— 

— 

— 



14 

8 

.35 

24 

39 

50 

1 

25 

24 

47 

16 

2 


15 

8 

35 

i 

37 

52 

1 

20 

24 

36 

54 

t 


16 

8 

85 

; 24 

32 

25 

1 

20 

24 

36 

56 



n 

8 

40 

1 24 

3i 

23 


— 

— 

— 

— 



18 

8 

40 

i 24 

31 

58 

1 

25 

24 

37 

3} 

IS 


19 

8 

45 

24 

31 

SO 

1 

25 

24 

37 

18 

9) 


20 

8 

40 

' 24 

31 

50 

1 

25 

24 

47 

21 

^ 1 


21 

8 

40 

24 

31 

57 

I 

25 

24 

47 

45 

s ' 


22 

8 

35 

24 

32 

06 

1 

5.5 

24 

36 

39 

i 


23 

8 

35 

24 

31 

38 

1 

25 

24 

37 

25 



24 

8 

40 

24 

32 

49 

1 

25 

24 

37 

19 

' 5 


25 

8 

45 

24 

S3 

02 

1 

20 

24 

37 

46 1 

1 « 


26 

8 

35 i 24 

S3 

00 

1 

20 

24 

37 

02 

! *5 


27 

8 

45 i 

24 

S3 

39 

1 

35 

24 

37 

29 

s 


28 

8 

35 1 

24 

32 

44 

1 

15 

24 

36 

46 1 


t 

29 

8 

40 1 

24 

33 

22 

I 

10 1 
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36 

58 

at 


30 
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— 

— 

— 

— 

— 


— 

— 

— 

O 


atom for 













die 


39 

24 

32 

23 

1 

25 

24 

37 

38 



Month. 

) 













In taking the mean of the observations, those on the 14th and 
those of the morning of the 16th are rejected, being so great; 
and it ts remarkable that this excess continued only on the 
falling of snow. On the weather clearing up prior to observing 
the noon variation of the 15th, it had decreased. The noon 
observation of the 2(hh is likewise rejected : this increase '«rat 
attended with drizzling rain. 
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Col. Beaufoi/'$ Metmohgkal Obsavations. [Jar 


Month. 

Time. 

Barom. 

Ther. Hyg. 

Nov 

r 

Morn.... 

Inches. 

37® 

80® 

m 

Noon.... 

29*450 

44 

72 

1 

Even.... 

— 

— 

84 

f 

:Mom.... 

29*500 

43 

“1 

|Noon.,,. 

§5*464 

47 

76 

lEven.... 

— 

— 



iMom . . . • 

29*408 

47 

80 

Sl{ 

iNoon.... 

29*400 

50 

67 

1 

jEven .... 

•— 

— * 


( 

IMorn.... 

29308 

45 

75 

t2< 

iNoon... . 

29-26J 

45 

76 

( 

.Even.... 

— 

— 



Mom.... 

29*085 

42 

84 

is] 

iNoon.... 

29*982 

46 

83 

1 

Even , , . 

— 

— 

— • 

i 

Mora . . . . 

29208 

38 

79 

J4< 

Noon,.. . 

28*217 

43 

77 

1 

. Even..,. 

— 

— 

— 


Morn... 

! 29*090 

42 

82 

S5 

iNoon., , 

1 29 083 

45 

75 


Even . . , 
Morn... 

20 319 

44 

83 

S6 

|Noon, . . 

29390 

49 

70 


j’Even . . . 

— 

— 

— 


Mora.. . 

29*438 

41 

78 


iNoon... 

29*438 

47 

64 


Even... 

— 

— 

82 


'Morn. . . 

29-603 

38 

SB 

(Noon... 

29*628 

37 

78 

1. Even . . . 

— 

— 

— 


’ iMorn... 

29-800 

37 

73 


Noon... 

29*800 

38 

70 


L Even... 
r {Morn. .. 

iNoon... 

[ Even . . , 

29*773 


79 


Wind. Velocity. Weather. Six’s. 


S£ 

ssw 

SbyM^ 

SSW 

Sby W 
S 

SEbyS 

ESK 

E by S 
N by W 

SSE 

ESE 

ESE 

ESE 

SSE 

SSW 

E 

E 


Misty 

34 

Misty 

44 

Sm. rain | 


Sm. rain 

47 

loudy ! 

\m 

Fine 

50^ 

Rain 

45 

Fog, rain 

47i 


(414 

Rm 

46 

|Cbudy 
Fog, rain 

i« 

43f 

Cbudy 

j404 

Fine 

47 

Cloudy 

(484 

Fine 

50. 

Fine 

(404 

[Fine 

474 


ENE 

NE 

EbyN 

NE 

NE by N 


Cloudy 

Cloudy 

Cloudy 

Cloudy 

Cloudy 


36 

35 

36 

39 


Rain, by the pluviameter, between noon the 1st of Nov. 
and noon the 1st of Dec. 1**223 inch. The quantity that fell 
upon the roof of my observatory during the same period, 
I'SOSin. Evaporation, between noon the 1st of Nov. and noon 
the 1st ofDec. 0’8j3 in. 
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Article XIX. 

METEOilOLOGICAL TABLE. 


1820. 

Wind. 

Bakometkii 
M ax. 1 IVlin. 

Thermc 

Max. 

►METER. 

Min. 

Evap. 

Rain. 

Hygr. at 
9 a.m. 


11th Mo. 







m 



Nov. J 

N W 

2<)*98!2,0-50 

56 

34 

— 


78 


2 

W 

3<) 07j<2.g <)8 

48 

25 

— 

_ii 

72 


3 

Var. 

30- 1(1 30-07 

41 

23 

— 


91 


4 

N 

30 l5j30 0S) 

4$ 

27 

— 


91 


5 

s \v 

3()‘15 2.9 f 6 

50 

30 

— 


9> 


6 

\v 

'-’9 9<> '39-.91 

52 

44 

— 


87 

• 

7 

s w 

30 05 

29*91 

57 

50 

— 

02 

93 


8 

E 

30-14 

30-03 

56 

45 

— 

_ 

93 


9 

E 

30-20 

30-14 

50 

41 



70 


10 

N 

30-37 30-20 

46 

39 

— 


71 


11 

N E 

30-37 30-33 

49 

34 

— 


76 


12 

S W 

}a33! 

19-77 

43 

36 

40 

24 

66 


13 

N 

29 ‘)9;'i977 

49 

31 

— 

13 

81 

c 

U 

N K 

30-15 

2999 

38 

31 

— 

02 

62 


15 

N E 

■29-‘)9i39 9-* 

; 43 

29 

— 

— 

76 


l6! 

N W 

^\9*94|297‘2 

I ! 

23 

— ! 

— 

84 


17 

S E 

'i9-8-t ■29-6'3 

j 43 ! 

29 

— 

30 

78 


IN 

Calm 

29 94 

29-84 

= 40 

29 

— 

01 

92 


1.9 

S E 

BwB 

29*9+ 4.7 

33 

— 


90 ,1 


• “20 

S E 

2994 

29*90 

50 

45 

— 


90 I 

0 

21 

S E 

29-9(1 

29 82 

53 

45 

— 

— 

84 


22 

S E 

29-82 

29-60 

49 

39 


40 

86 j 


23 

Var. 

29-71 

29-43 

48 

30 

— 

26 

90 


24 

S W 

2962 


46 

32 

— 

— 

91 


25 

E 

29 81 

2962 

48 

43 

_ 

16 

94 


26 

S E 

‘29 9-2 

29*81 

52 

38 

— 


80 


27 

E 

30-0.-' 

29-92 

46 

33 



92 

> 

28 

E 

30-26 

30-08 

39 

36 
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29 

N E 

30-26 

30-23 

41 

33 



70 


30 

N 

30-23 

30-17 

43 . 

29 

55 

02 

71 




3037 

29*45 

57 

23 

95 

1*82 

94— 62 



The observations in each line of the table apply to a TOriod of tarenty-four houtv, 
be^ning at 9 A. M. on the day indicated in the first column. A dash denotes that 
the mult is included in the next following observation. 



80 


Mr: Hmoardh Metearoh^cal Joumed. [Jan. 1821 ', 


REMARKS. 

r 

Eleventh Month 1. Rainy: a fine arch of Clrrocumulux stretching from NW 

to SB, and coloured a bright red by the getting sun. 2. Day very fine: night 
foggy. 3. A very thick fog in the morning. 4, 5. Hoar-frost : foggy. 6. Fine. 
7. Cloudy, fi. Cloudy. 9, 10, II. Fine. *12, 13. Rainy. 14. Cloudy: windy: 
• little snow about noon. 15. Cloudy: somehaiL 16. White-frost: fine. 17. Some 
tnow in the morning. 18. An extremely thick fog, which remained most of the 
morning. About ten o'clock the coachmen on the road were unable to see the heads 
of their horses, which, in many instances, were obliged to be led. 19. Fine. 
20. Cloudy : fine. 2 1 . Very fine. 22. Rainy. 23. Morning very rainy ; a rainbow 
about half-past one, p. ni. 24. Cloudy. 25. Fine. 26. Fine. 27, 28, 29, SO. 
Cloudy. 


RESULTS. 


Winds: N, 4; NE, 4; E, 5; SE, 6 ; SW, 4 ; W, 2; NW, 2; Calm, I ; Var. 2. 


Baromeler : Mean height 

For the month 29*968 inches. 

For the lunar period, ending the 26th 29*864 

For 13 days, ending the Ist (moon north) 29*189 

For 14 dajrs, ending the 1.5th (moon aottth) 30*076 

For 14 days, ending the 29th (moon north) 29*857 

Tbennometer: Mean height 

For the month 40*8^ 

For the lunar period, ending the 26th 41*0 

For 30 days, the sun in Scorpio 42^83 

Svi^Knralioii. 0*95io. 

Mm 1*S2 

JiMii of hygrometer. 89 ^ 

Stretford^ 7W{fM ]L 



ANNALS 


or 

PHILOSOPHY. 


FEBRUARY, 1821. 


Article I. 

Researches into the Mathematical Principles of Chemical Philo^ 
sophi/. By J. B. Emmett. 

yCont'inut'd f r,im vol. xv’. j>. HjiH. First Scries.) 

/full, Dec. 28, 1880. 

Radiation of Caloric, 

When a mass of mutter is placed in a heated medium, it, for 
a definite length of time, is receiving heat ; i. e. each particle, aa 
well as the entire mass, by prop. G, cor. and prop. 11, hy attract- 
ing the surrounding caloric, becomes encompassed by a calorific 
atmosphere, which is of uniform density in each part of the 
concentric strata, and which is more dense than the atmosphere 
which is produced by exposure to a medium of lower tempera- 
ture ; during this time, the surrounding medium experiences a 
diminution of temperature iu those parts which are in the vicinity 
of the cold mass, which diminution ofheat continually decreases, 
and the body arrives at the precise temperature of the surround- 
ing medium, which then becomes uniform in all its parts. The 
reason w^hy the temperature of the body and of the medium are 
uniform, although the caloric is more dense in those parte 
which are near the mass of matter than in the more remote, is 
evident ; for by temperature is to be understood the tendency 
which caloric has to escape, or its sensible elastic force : now 
the increased elastic force of a calorific atmosphere, arising from 
its increased density, is in j)art counteracted and opposed oy its 
tendency to the attracting body, and the pressure of all th^ 
superior strata ; its sensible elasticity musft be precisely tha 
New Series, vol. i. “ ' 
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same as that of 'the surrounding calorific medium ; for if it be 
greater, caloric will flow from the body into the surrounding 
medium; if less, to it ; consequently, when a mass of matter is 
placed in a heated medium, it will continue to absorb caloric 
until the sensible elasticity of its calorific atmosphere is precisely 
equal to that of the surrounding caloric ;*under which circum- 
stances both the body and the medium will have an equal effect 
upon the thermometer. The elasticity then of the caloric only 
can have any effect upon the thermometer ; for whatever be the 
quantity .absorbed by the body, the thermometer will experience 
the same degree of elevation, whether applied to the medium, or 
to the body itself. 

Let now the mass of matter thus heated be brought into a 
medium of lower temperature : it is now evident, prop. (), cor. 
and prop. 11, that the sensible elastic force of the calorific atmo- 
sphere will exceed that of the surrounding medium ; the caloric 
will, therefore, have a tendency to diffuse itself: there are three 
different circumstances under which this may take place. 

Case 1. — Suppose a warm solid to be brought into a medium 
of absolute cold, in vacuo, and entirely beyond the attracting 
force of any other form of matter ; one force, viz. the elastic 
force of the surrounding caloric being removed, the calorific 
atmosphere of the body will have a te:?dcncy to enlarge its 
dimensions ; and since the density of the several concentric 
strata is uniform, it must move in right lines, which meet in the 
centre of the body (supposed spherical), which radiation of heat 
will continue until the density of the lower strata is so far 
jreduced as only just to balance the pressure of the superior rare 
ones, when the atmosphere becomes quiescent in all its parts ; 
in this case, therefore, the radiation of caloric arises entirely 
from the motion into which the calorific atmosphere is put by 
the remov'al of the elastic force of the surrounding caloric. The 
caloric cannot leave the body, since there is no other form of 
matter by which it can be attracted. 

Case 2.— Suppose, that instead of being plac<jd in absolute 
cold, the warm mass of matter is brought into a medium having 
a lower temperature than that to which the body was exposed ; 
the other circumstances remaining, the calorific atmosphere will 
dilate itself, its parts moving in right lines, which will continue 
until the diminished density of the lower strata balances the 
elasticity of the surrounding caloric, and the pressure of its own 
superior strata, when the radiation ceases. In both these cases, 
the quantity of.caloric contained in the atmosphere of the body 
is precisely the same ; viz. that which it had at its highest tem- 
perature. 

Case 3. — Suppose, in addition to either of the other cases, that 
masses of matter are placed withia the calorific atmosphere, 
having a lower temperature than the parts of the atmosphere in 
which they are jJlaced. The calorific atmosphere will, have a 
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tendency to dilate itself, as before, and at the same time its 
quantity will be diminished by the attractive force of the matter 
in its vicinity ; the atmosphere can, therefore, only become 
quiescent, when the requisite equilibrium of the two former cases 
is attained, and the surrounding bodies have arrived at the tem- 
perature of the parts^of the atmosphere in which tUey are placed. 
During this operation, a current of heat must flow from the 
heated to the cooler mass, which, at its several distances from 
the heated body, will have the same density as the equidistant 
strata of the atmosphere. Hence the colder the body, which is 
absorbing the heat, is made, the more rapidly will the other lose 
its heat. Also of bodies equally cold, those w^hich have the 
greatest capacities for heat cool tne other more than those which 
have less capacity. 

These three phenomena explain many of the primary proper- 
ties of radiant heat. When bodies of equal magnitude and 
figure are heated to the same degree, then brought into a cooler 
medium, those which have the greatest attraction for heat, by 
prop. 6, cor. will be surrounded by atmosphercvS of the greatest 
density, and consequently at equal distances from the surface, 
will cause the greatest elevation of the thermometer ; if black, 
and generally dark coloured bodies be supposed to attract heat 
more than those that have a lighter colour, this will exactly 
coincide with the observed phenomena ; for if surfaces equally 
heated, and of equal magnitude and form, be one covered wita 
lamp-black, another with red-lead, and another with tin-plate, at 
equal distances from these surfaces, the effects produced upon 
the thermometer will be nearly in the proportion of the numbers 
100, 80, and 12 (Davy's Elements, p. 209); which is explained 
by supposing the attraction for heat of the lamp-black to be 
greater than that of red-lead, and this 'greater than that of tin- 
plate. It appears from prop. 6, cor. and prop, 11, that this will 
not be the order of their several capacities for heat ; conse- 
quently, if equal and similar masses of the same matter be equally 
heated, and have their surfaces differently coloured, those 
which liave the darkest colour will part with their heat in less 
time than those which are lighter coloured, or polished. 

The cause of the reflection of heat may 
now be easily explained. Suppose A, fig. 1, 
to be a heated body placed in a cold me- 
dium, its calorific almosphere tends to en- 
large its dimensions, or to dilate itself, moving 
in right lines from the centre of A. if 
it be placed in the focus of a parabolic mirror B C, which is of 
such a nature as to have feeble attraction for caloric, after 
impinging upon this surface, it will rebound, or be reflected ; ud 
since the angle of incidence is equal to the angle of reflecticMi^ 
by the property of the parabola, these incident calorific rays 
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will be reflected parallel to each other as B D, C £. If they 
upon another similar mirror D £» whose axis coincides with 
that of B C, they meet and are concentrated in its focus F : if, 
therefore, a thermometer be placed in the focus F, it will indi- 
cate a temperature superior to that of the surrounding medium, 
which process must continue until A is cooLvd to the temperature 
of the surrounding medium, when the radiation ceases. If A 
have the temperature of the surrounding medium, and F be a 
cold mass of matter, as a frigorific mixture, A will experience a 
diminution of temperature, which phenomenon has often been 
absurdly termed die radiation of cold, and is produced as fol- 
lows : F, having a temperature below that of the su/rounding 
medium, will absorb caloric from it, until the temperatures become 
the same. During this operation, F attracts towards its centre, 
which is the focus of the mirror D E, the caloric from the sur- 
rounding medium. Nt»\Y it is easily proved from the principles 
of mechanics, that the particles of caloric being mutually repel- 
lent, the only rays that can impinge upon the mirror D E, so as 
to flow in succession to the focus, are such as make the angle 
of incidence equal to the angle of reflection, which property, 
from the nature of the parabola, belongs only to the parallel 
rays B D, C E, See, whence, by reason of the attraction of F for 
ceJoric, it flows from the parts B C, Ike, in parallel lines to DE, 
&c. and for the same reason, that the ec|uihbrium of the medium 
may be preserved, must flow from A in divergent rays, imping- 
ing upon B C ; wherefore the temperature of A will be reduced. 
If, tnerefore, A be a delicate thermometer, it will indicate a 
temperature below that of the surrounding medium. These two 
phenomena of the radiation of heat are only modifications of one 
general principle: in the first, the caloric is put into motion, 
because the body is exposed in all directions to a medium, hav- 
ing a lower temperature than its ow ii ; in the second, to a medium 
which is cooler in only one of its parts. 

If the mirrors be of such a nature as to absorb a considerable 
Quantity of the incident caloric, the reflection of heat is in part 
aestroyed ; for then the mirrors become heated, and instead of 
reflecting the heat in parallel lines, or to their foci, the caloric 
radiates from each point upon their surfaces, as from a centre ; 
consequently little or no eft'ect will be produced in their foci. 
'Hie same attains, if a thin transparent lamina be placed between 
them, which has a powerful attraction for, aiid readily absorbs, 
the incident caloric, which explains some phenomena which arise 
when platen of glass, &.c, are placed between the mirrors. 

Crysfnllization . 

It will be proper first to premise, that the particles which 
constitute a regular crystal must, atisome previous time, have 
been separated froni each other, either by the repulsive force of 
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heat alone, or by the agency of a liquid inenkniuni ; and it is 
when these particles again approach to contact with each other 
that they arrange themselves in some particular and determinate 
order, in consequence of flie opeiutiou of those forces which 
have been investigated. It is well known that crystals of pre- 
cisely the same substance assume a grei t variety of external 
forms, arising from the external circumstaiices under which 
they are formed. We ore jmrfectly ignorant of the causes which 
determine the external figure, and v\e can only expect to be able 
to show what external forms may result from a given arrange- 
ment of particles ; and it is manifest tliat any external figure 
may rta.ull, in winch everv external particle is in a state of per- 
manent equilibrium, or quiescence, which may easily be inves- 
tigated by help of the fiuegoing propositions. There are, 
hovv(oer, many peculiarities which cannot h<' examined until the 
nature of eheinical union, and the structure (u'‘ compound bodies, 
have been investigated. 

Prop. I‘i. — if any nnmbtu' of equal and similar particles, 
influenced (uily by their inlierent forces, mutually approaching 
each other, ultimately come into contact, they will be symmetri- 
cally arranged. 

Let A, 11, C/’, D, fig. 2, be four equal 
spherical partichs of the sanu' kind, 
which are preserved in c .ntaci ])y the 
force of cohesion, tiny will form a 
paralhdograin (prop, 10). Let the two 
1% F, approach to D, C'; they will join 
themst Ives in such a direction that a 
parallelogram will result, wliicb is equian- 
gular with the foimer; if not, let them 
unite difi’erently ; and by prop. lO, they must form the paral- 
leK)gr;tm C F F F, wliose major diagonal D 1^ is not parallel 
to that of A B I) : join A E, produce A D, and from E 
draw' (i, perpendicular to A (L If A K represent the 
force with which A and E mutually attract each other, it 
may be re sohed into the two A G, G E, of which, A G tends to 
bring E into contact with D, and G F^ to bring its centre to the 
line A G ; and tin? same may be jn'oved of the particle F; where- 
fore the particles E and ¥ wdll, when they join D and C, have 
their centres in the straight lines A D, 6 C, produced, or the 
two parallelograms being equal will have their major and minor 
diajjonals respectively parallel to each other. 

Cor , — Hence crystals are always terminated by straight lines 
and plane surfaces. 

Prop, 13. — Crystals will split so as to have a smooth fracture 
only in the directions of rows of particles, and these direc- 
tions are either parallel to, or make a determinate and constant 
angle with, each other. • 







86 Mr. Emmett on the 

Let E G FH/fig. 3, be a parallelogram 
formed of symmetrically arranged particles ; 
if ^lit in the directions A B, or C D, the 
surface will be smooth and plane, for the 
resisting force of cohesion is constant in 
every part of these lines, or their parallels,^ 
and each particle has to be separated only 
from one, as a, c, or e,y’; but in any other 
direction, E F, each particle has to be separated from two, 
as a from u and r ; therefore, the fracture cannot proceed 
according to that line, but must follow those directions in which 
it meets with the least resistance. 

Cor, 1. — Hence, in an irregular fracture, all the irregularities 
are parts of parallelograms, having tin* constant angles E G F, 
or G F H. 

Cor, 2, — Hence, by continual mechanical division, a nuinher 
of nuclei may be obtained, w hich are, all equiangular, and which 
are -similarly situated in the original crystal. 

Cor. 3. — Since all the fractures of crystals, or the directions 
of their rows of particles, arc parallel to, or form a constant 
angle with, each other, every base of a crystal may be consi- 
dered as a parallelogram which wants some of its part^. 

Cor, 4, — Since any number of such base's m*iy be applied 
upon each other, which, by prop. 10, must follow tlie same law 
of arrangement as the bases, every solid crystal may be consi- 
dered as formed from a parallclopipedon, similar to that which 
is obtained by the mechanical division of the crystal, by remov- 
ing some of its parts. 

We may now proceed to examine some of the evternal forms 
of crystals, and the first part to be investigated is the construc- 
tion of the base, or that surAice w hich results w hen a crystal is 
split, quite through its Ihicknes') ; these are of two sorts ; those 
wdiich have some of their sides parallel to the directions of split- 
ing, or to the si(k.s of tlie original parallelogram, and those 
which have none of their sides so posited. Of those which have 
some of their sides parallel to those of their nuekus, tlie follow- 
ing will be some of the principal varieties : A BC D, 
fig. 4, being a parallelogram, composed of 
particles which are regularly arranged, E F and 
G H, which are parallel to its sides, are the 
directions of splitting, by jirop. 13 : the paral- 
lelogram is, therefore, one figure which the 
base of the crystal may assume. If the part 
A B C be removed, the external figure A D C is a lriangle> 
whose angles are D = smaller angle of the figure ; and D A C, 
D C A, each equal to half the greater angle : or if B C D be 
removed, the resulting triangular base has the angles A B D, 
A D B, each equal to half the smaller angle of the nucleus, and 
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A the larger angle. Each of these will sjflit, into a number of 
smaller parallelograms, in lines parallel to E F, G H ; and since 
the smallest visible portion of such a crystal is a parallelogram, 
equiangular with A E C D, having its sides parallel to the sides 
A B and B C, either of the crystals A D C, 1) A B, may be con- 
sidered as formed ol^such parallelograms, in which construction 
we observe the law of decrements of llaliy. If a smaller tri- 
angle, I B K, be removed, the resulting hginc is an irregular 
pentagon, A E K C D, of which D is the less angle of the paral- 
lelogram A and C, each equal to the greater, AIK, E K C, 
each equal to the smaller H- half the greater; or if a triangle 
less than 1) C B be removed, there results a pentagon, of which 
the angli's arc tlie reverse of the above. If the triangles E B K, 
L DM, hi' removed, the resulting tigure is an ii regular hexagon, 
of which the angles A and C each equal the greater angle of the 
parallelogram, and the other angles <jacli equal the less + half 
the greater. Other hexagons may hv formed by removing, 
instead cjf the above, both tin; adjacent angles, or one of the 
above, and on(‘ of the adjacent ones. If all the four he removed, 
we have an ii regular octagon; and in the same manner, several 
other figures n:ay be formed, as trap(*zia, See. Tiie other class 
of the bases of crystals are the most abundant in nature ; of 
these, the following are some of the* prin- 
cipal forms: A BC D, fig. o, Ijeing the 
parallelogruin, if four triangles, 1'. B H, 

H C (i, ifce. he riniioved, so that the 
straight lines E 11, 11 G, ^c. all meet 
each otlier, since the particles are all 
equal, tlie u .^iilling tigure I’’ F G 11 is a 
rectangle, by tlie nature of* the rhon;bus ; 
and its directions of splitting will be pa- 
rallel to 1 K, 1. M, as before : this form 
ofUui occurs in nature. In all tlie tibove fonns, the sides 
of the crystal have been pdrallel either to the sides or the 
diagonals of the original ])arallelogram; but there remains a 
variety of forms, in which this is not the case, of which the fol- 
lowing is an example ; A B C D being the parallelogram, an 
irregular hexagon, a b c d e f may be formed, and besides this,^ 
a great variety of quadrilateral, pentagonal, hexagonal, &c. 
figures after the same laws of decrement, in all which, every 
external particle is one of an entire elementary parallelogram; 
consequently, prop. 10, in a state of permanent quiescence. In 
all the above varieties, it is evident that these bases can only be 
split into equiangular parallelograms ; and hence every form 
may be derived immediately from that figure, by circumscribing 
each circle by a parallelogram similar to A B 0 D, and having 
their corresponding sides* parallel. 

In the same manner we may proceed to examine the structure 
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of solid crystals, which are e\ ideiitly formed by the application 
of the above bases iip(m each other ; and in this, the particles 
follow the same order of arrangement as in the bases themselves. 
Thus in fig. 3, by the application of a number of enual and 
similar bases upoii each other, is formed a* rhomb : if the bases 
decrease continually inmagnitiule, the resulting figure is a qua- 
drilateral pyramid. From tig. o, results the cube, quadrilateral 

E rism having equal sides, or the octohedron: from fig. 5, the 
exagonal prisms and pyramids. The reason is now evident 
why the bases of different crystals are so variously inclined to 
their sides, for the base, which is obtained by splitting a crystal 
entirely through its thickness, is evidently formed by the union 
of regular rows of parlicles, prop. 13; so that having given the 
angles of the nucleus, its position in, and the number of sides of, 
the crystal, it i^ easy to determine its entire structure. It is 
obvious (hat what lias been said applies only to crystals of 
simple matter, or such compounds as consist of particles which 
have the same magnitude. When the nature of combination has 
been examined, a still more numerous class oi‘ external forms 
will be exhibited, which, together with the former, wall compre- 
hend almost every variety found in nature, by the arrangement 
of spherical particles only. Jtmay be objected, that the angles 
of crystals should undergo a change by the application of heat : 
we must, however, recollect that in the elementary parallelogram 
the smaller angle is just 60° at the absolute zero of temperature, 
in a simple substance, and 90° at most, when, on the point of 
fusing ; therefore, only a very small change can be expected by 
even a very considerable variation of temperature ; yet from 
certain experiments that I have made on this subject with some 
highly infusible matters, it is evident that this change does 
really take place; but from the great differences which exist in 
tlie cohesive force in the several parts of the same crystal, the 
effect is considerably irregular. The results of these experi- 
ments will appear at a future opportunity. 

We may now see the reason why alum, most of the metals, 
and some other substances, wliich are formed in masses desti- 
tute of any symmetric appearance, by slow solution, &c. present 
an internal crystallization, as has been fully proved by the 
researches of Mr. Daniel. 

{To be continued.) 
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Article 1 1. 

Explanation of a ti Apparatus ^ suggestedby Col, Yule for discharg-- 
ing Ordnance, npon^Mr. Fonytlis Plan; and an Account of 
some curious Kiperimenls performed with it.* By Mr. John 
Deucliar, Lecturer on Chernijstry in Edinburgh. (With a Plate.) 

It is proposed, in the present paper, first to explain an appa- 
ratus some time ago suggested by Col. Yule, for applying Mr. 
Furcyth’s plan to the discharge oi* ordnance, without either the 
use of a light, or the usual primes ; and secondly, to give a very 
brief account of seveml experiments which 1 have performed 
with it. . : 

(I.) The apparatus has first to be noticed: it is very simple. 
It consists of a thick brass tube (see Plate III), fig. 1, A B, 
15 inches long, which is meant to represent llui louchhole of 
the gun ; tlie <ha meter of the bore of tliis tube, fig. G, is about 
the J8th or 20th part of an inch ; it terniinaies at the top. A, in 
a cup, fig. 3, d, at the bottom of which the bore of the tube is 
divided into three very smail holes, fig. 4, to prevent the powder 
falling into the wider tube : into this cup about one grain of the 
new compositi(jn, afterwards alluded to, is put, when the appa- 
ratus is to be used. At the top of the apparatus is a bar of 
bi •ass, C I), which at the one end, D, turns upon a joint, and at 
the other, C, is suj)plied with a cap, in the centre of which is a 
steel projection or hammer, fig. 2, e ; the cap covers the whole 
of the raised part, A, at the top of the tube, A B ; and the ham- 
mer nearly fits the cup, fig. 3, d, and is made to strike flat upon 
the bottom of it, fig. 4, d. Between the joint of the bar, D, and 
the top of the tube, A, is placed a piece of cork, I, or any other 
elastic substance, to prevent the steel hammer, c, coming too 
close upon the composition before it is struck, and to make it 
spring back again after the discharge. The apparatus is united 
at the top by a frame of brass, G 11, which, to prevent its being 
injured by the firing, ivS screwed upon another frame of wood, 
E F. Thie tube, A B, screws into four pieces ; and it was into 
the hollow's left, a, the joinings of these, a, h, and c, by only half 
screwing them, that tlic different substances we put which arc 
notteed in the experiments. , 

Explanation of Plate, 

I^ig. 1, represents the whole apparatus on a scale of 4-10th« to 

1 iiuA. 

. 2, gives a section pf the cap, C, and steel hammer, e, 
i strikes upon powder at the top of the tube, A 

« Ihetid befort Ihs Wtniedan Natoxsl History Society, Dee. 1 6, 1890. 
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Fig. 3, gives a section of the top, A, of the tube, and the cup, 
d, for holding the powder. 

Fig. 4, shows the bottom of the cup, whicli screws into A, 
from below, as shown in fig. 3 ; the hole through the tube from 
B to A divides into the three smaller openings. 

Fig. 6, shows the end of one of the divisions of the tube, A B, 
and the size of the screw which unites them at a, b, and r. 

Fig. 6, shows the bore of the tube at />, r, and B. 

Figures 2, 3, 4, 5, and 6, show the parts of the apparatus of 
the full size ; and for fig. 1, there is a scale given. 

I may mention a few advantages of this mode of firing ord- 
nance of every description. These are extracted from a com- 
munication on the subject, with wliich tk)!. \"ule has very kindly 
favoured me. They are as follows : 

1. The iustantdiieous infiamniation oftlie whole of the pov\- 
der contained in the cartridge.” The expansion of the atuiform 
fluids ])roduced must act wdth great t r force than in the i4d 
method : of coarse, less powdtr will be retpiired for any jiroposed 
result; and as none oftlie charge is forced out uninlianied, any 
given quantity of gunpowder will give its lidlest possible 
effect. 

2. The removal of all danger of exjdosions arising from the 
cartridges and loose powtler coming in coutac't with hahted 
matches, in the gun-deeks of men of war in time of action.” 
The whole process is performed without the necessity of using a 
match-light of any descrijition ; nor i< lliere any indanied sul)- 
stance forced from the touch-hole during tlie dis(diar<;‘(‘. 

‘‘3. The removal (in a great degree) of the inconvcuiience 
arisin<g from the accumulation of smoke m the gun-decks of men 
of war, or in batteries in time of action.” in the projiosed 
method, there is not the slightest producti»>n of sim>ke at the. 
touch-hole; and as neither prime nor prime tube is reipnred, it 
is also free from any lisk of accident by tlic discharge of these, 
and this at sea is a considerable advantage. 

4. The removal of all inconvenience arising from the prim- 
ing being blown aw^ay by high w'inds, or w'ashed olf by lieavy 
rains, or the shipping of a sea.” The cap at the top of the new 
apparatus covers the touch-hole, and prevents any of these 
inconveniences of the old mode. 

** 5. A saving of the whole amount at present applied to the 
manufacture or purchase of quick-matches, priming tubes, flints, 
and various otjier articles now in use, both in the navy and in 
the field.” 

Another advantage of this mode deserves particularly to be 
noticed ; namely, the rapidity with which the whole is performed. 
This facilitates the execution of a charge, by the efl’ect being 
almost instantaneous with the pointing of the gun : it also saves 
the time at present spent in applying priming tubes, or trains of 
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powder ; for with Col. Yule’s apparatus, the time that is required 
IS very trifling. 

(11.) Having now stated all that is necessary with regard to 
the apparatus itself, it remains for mo, in the concluding part of 
this paper, to direct th# attention of the Society to several expe- 
riments performed with it, which present rather extraordinary 
results. 

At the request of (’olonel Yule, I commenced, about the 
beginning of .fuly last, a number of experiments, with the view 
of discovering a powder which should never miss inflaming the 
cartridge ; and 1 was fortunate enough to hit upon one. All 
the usual fulminating ])o^^dr•rs were first tried without success; 
the fulminating mercury, wiicn the fifth part of a grain only w^as 
used, rent asunder tlu' steel plate at the top (marked d), and yet 
did not reach as i'av as the gunj) 0 \vder placed at B. Some of 
the antimonia! preparations were found sometimes to fire the 
gunpovvd('r, ])nt. llu y left a cake of crociis behind, which stop- 
ped uj) th(' holes, and could not be easily i\?moved. 

The follow ing substances, and a variety of other inflammables, 
w'ere used, mixed with an equal weight of superoxymuriate of 
potassa : 


Golden sulphuix'l of antimony. 
Black sulpliurct c)f antimony, 
lied [irecipilate ot’mereur\, 
Clnnese \ ('nnilion, 
iMunalc o(‘ mt rcury, 
lied oxidii oi‘ nu rcuiy , 
KtliiopV, mineral, 
lied oxide of lead, 


White lead, 
Litharge. 

Orange lead, 
Flowers of zinc, 
I'low ers of sulphur, 
llosin. 

Gum arable, 

(him gamboge. 


None of tlie.se, however, produced any regular effect, and 
several them gave no inflammation at all. 

1 shall n(»w add a list of powders, all of which occasionally 
pierced the flaniu 1 at B, and inflamed the powder below it : 
very few of them, however, did so tw ice successively : 

1. Superoxymuriate of potassa 5*0 


Sublimed sulphur 2*0 

(.diarcoal powder 1*0 


This and No. 13 are the worst on the list. 


2. Superoxymuriate of potassa 12*0 

Flowers of sulphur 4*0 

(Charcoal powder *• 2*0 

Gum arabic powder 1*0 

This and No. 9 are fourth best. 

3. Superoxymuriate of potassa 18*0 

Flowers of sulphur. . . • • 3*0 

• Gum arabic 1*0 
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4. Superoxy muriate of potassa 4*5 

Flovyers of sulphur 1*5 

Charcoal powder 1*5 

Nitre ^ 2*5 

Tills and Nos. 5 and 8 are the third best.*s 

5. Siiporoxyinuriate of potassa 4*0 

Flowe rs of sulphur 1*0 

Charcoal powder 1*0 

O'. Superoxymuriate of potassa 1*0 

Sulphuret ufautiinoiyv 1*0 

This and No. 7 are tiftli best, but they leave a hard cake ot 
crocus of antimony, which adheres very strongly to the appa- 
ratus. 

7. Superoxymuriate of potassa 1*0 

Sulphuret of antimony 1*0 

The proportions of this powder were taken by volume. 

8. Superoxymuriate of potassa 2*0 

Dried charcoal j)u\\der 1*0 

9. Superoxymuriate of potas>a 1*0 

Dried charcoal powclei* 1*0 

10. Superoxymuriate of potassa ‘>*t) 

Dried gunpowder 2*0 

TTiis is the best . 

1 1 . Supenixy muriate of j)otas^a 1*0 

Gunpowd'/r, in fine powder l*t) 

This is the second best. 


After numerous trials with thex', their t'oinparati\ e regularity 
in producing the desired effect was calculated to be as nearly as 
possible, as has been noted in the abv>ve h'-t. ilut I found that 
even Xo. 10 was not so uniform as M as necessary for Col. YuleV 
object. I bad now, luovever, ‘almost doublt;d ot‘ success, when 
it occurred to me to trv the composition, which lias since been 
found to succeed for more than 100 succcssi\e times, without 
leaving any residuum to stop the firing. Of the coiupositioii of 
this pow der, and some cautions necessary to be attended to in 
its preparation, an account will be given in a future paper. 

It was with thi.s powder that I performed the experiments, 
which presented those striking results of which I have now to 
give a brief account. 

I was led to these with the hope of elucidating still further 
than I had previously done a particular view of caloric, of which 
I have, for six years past, given an account in my chemical 
classes. I availed myself of the use of Col. Yule^s apparatus to 
commence the investigation, and I am still ocoxpted with' it. At 
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present, tlierefore, it is only in my power to notice a few of the 
experiments in a detached form. 

The first experiments were performed by firing the new com* 
position, using about one grain, or ratlier less, at each trial, 
througti a piece of cartridge flannel tied over tlio hole at the 
bottom, B, of the apparatus, when it inflamed a quantity of gun- 
powder fixed in a tin case below the flannel. This was repeated 
tor many successive times without cleaning the apparatus, and 
the flame never failed to pierce the flannel and lire the gun- 
powder. 

Should this succeed as regularly, when applied to the gun 
itself, there could remain no doubt but that it would possess all 
the proposed advantages. There w^as, therefore, fixed to a six- 
pounder, an apparatus similar to the one already described, 
except that it wanted the long tube, A B, fijr which the priming 
hole of the gun now became a substitute. It was charged with 
cartridge, and in several of the trials witli ball and cartridge ; 
and, upon the same experiments being re peated with it, it gave 
the same uniform results. 

The next experiments were with the view of ascertaining how 
the results stood related to Sir Humphry Davy’s theory regard- 
ing the impervious nature of wire gauze to flame. Wire gauze, 
of different degrees of fineness, was, in successive trials, put in 
the interior of tlie joinings, a, A, or r, of the tube, so as to cover 
the hole (completely. When the coarser wire gauze was em- 
ployed » tht‘ flamt? was found to pass through, and fire the gun- 
powder ; but the same result never took place with ware gauze as 
fine as that used in .Sir Hurapliry Davy’s safety lamp, unless 
when the flauK seemed to have burst a ])assage through the 
gauze. But when these experiments wx^re performed without 
uie flannel and gunpowder at the bottom, B, it was found that 
the flame went through even three pieces of the wire gauze at 
once. 

The next experiments, and probably the most surprising of the 
whole, were with gunpowder placed in one of the divisions^ 
(I, 6, or r, of the apparatus. In some of the trials, I found that 
the flame had passed through the gunpowder at a, A, or c, with- 
out inflaming it, although at other times I found it did not 
do so. 

This at first appeared to be an objection to the proposed 
application of the apparatus. But, after repeated trials, I found 
that the above curious result only took place when the stroke 
with the hammer was slight ; for when a smart blow was given, 
inflammation always took place. 

In a few of the experiments, I put gimpowder at two division* 
{a and A), and found that the flame sometimes went through 
both, without firing eithej portion ; at other times one portion 
was inflamed, and one left unaltered. 

In i^erforming these experiments, 1 first pnt a small piece of 
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flannel upon the hole at the joining of the tube, and upon this I 

S oured the gunpowder, using two, three, four, and sometimes 
ve grains at once. After each trial, I found a scorched brown- 
ish mark in the centre of the flannel about the size of the hole of 
the tube. 

A variety of experiuiouts were also performed with flannel, 
paper, and other substances, placed between the joinings ; in all 
which cases it was found that the fianuel had been forced 
through, generally leaving a hole in the substance used ; and a 
pale-coloured flame was observed to dart to a considerable dist- 
ance below the bottom (13) of the tube. 

In a future paper, I hope to have the honour of laying before 
the Society a fuller account of these curious experiments. In 
that paper I propose to enter upon the cause of the results which 
present themselves ; and more particularly to attempt an expla- 
nation of that extraordinary one wherein we have the gunpowder 
remaining apparently inert to the flame which passes through it. 


Article III. 

Summary of the Magnet ua I and Meteorological Ohset'vations, 
daring a Period of Three Years and Nine Months. I3y Col, 
Beaufby, F.R.S. 

(To Dr. Thomson.) 

MY DEAR SIR, Bushry IJcaih^ Stan more, Jan. 1, 1881, 

In the Annals of Philosophy for May, 1820, you did me the 
favour of publishing a table containing the monthly mean varia- 
tion of the magnetic needle for three years ; and in the letter 
accompanying it, 1 expressed my opinion tliat the maximum of 
the western variation at this place occurred in the month of 
March, 1819. With the view of demonstrating that this conclu- 
sion had not been precipitately drawn, I continued the observa- 
tions to the end of last year ; and us the corresponding monthly 
mean variation in every case shows a diminution, I infer that the 
variation has been retrogade for the last 21 months. 

In the latter part of the protectorship, the true and the 
netic meridians coincided. If 24^ 41' 42", the greatest variation, 
be divided by 162 (the number of years since that period), the 
quotient 9' 09" will be the mean annual increase ; it is reasonable 
to suppose, therefore, that after the same lapse of time (from 
1819) these meridians will a^ain coincide; but by inspecting 
Table II. it will be seen that the mean annual decrease in lieu of 
being 9' 09" is V consequently, an acceleration must take 
place, or the suppo.sition is erroneou.s. 

I remain, my dear Sir, reiy sincerely yours, 

t Mark Beaufoy. 



If. B. The colomis m«rke4 ** diff.** denote the increnteand decrease of the rarietion in the saipe months of the diderent jeers. 
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TABLE II . — TaW cmminiug the Mornings Noons and Everting Variation vf the 
Magnetic Needle in 1818, 1819, and 1880. 


rlMora. 84® 34^ 38" j f jM«rii.!84®33'6t>";| ( Morn.|84osiM8^' 

1818.^ jNoon.24 43 86 jlblO./ Noon. 24 40 52 111820. / Noou.'24,39 04 
C,Ev en. 24 37 JO || (Even. 184 S4 43 1| tjEvcn.!B4 33 10 

Mean Annual Decrease, I' 57". 
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TABLE IV. •-^Monthly Meteorological Table containing the Mean Height of the Barm^tm , 
Thernmnetevy and Hygrometer {De at the How of the Mornings Noon, and Evening 

Ohservatiom of the Magnetu' Needle. Aleo, the prevailing Winds, Quantity of Rain, Rvapo^. 
ration, and the Mean Heat of each Mouth, by a regular Series of Observation, with a Six's 
Thermometer. 
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TABLE V.—Annial MctforiAogical Table of the Mean HeighUtfthe Barometer, ^-c. 


Year, Barom. BarotnJBaroni. Tlier. Thcr. Ther. Hyg. Hyg. Hyg. Wind. Rain. 


Evap. 


Mean 

iieat. 


Inches. Inclies.'Iiiclies. 

1818. 29-408 29-421 |29-482 48-7o| 54-S«^| 56-.S‘>| 59-2o 51-3”! 44-6° 

1819. 29-389 ,29-407 !29-464 48 1 53 5 56-3 j 68-4 55-8 ' 53*5 

1820. 29-433 129-426 129-434 45 7 51-8 55-3 ) 73*0 63 0 64-4 


Inches. 


Inches. 


SW — — 50*0«> 

SW 126-415)35-150 49-3 
SW 120*460 34-362 47-6 


TABLE XL-^Gemral Talk of Windsa 


Years. I N. | N.E. 1 E. | S.E. | S. | S.W. | W. | N.W. jCalm.l Var, 


1818. 

24 

172 

61 

119 

28 

300 

75 

157 

36 

8 

1819. 

19 

208 

42 

117 

32 

262 

78 

216 

7 

19 

1820. 

18 

215 

38 

104 

21 

285 

77 

204 

4 

S3 

Mean 

20 ' 

198 

47 

113 

27 

282 

77 

192 

16 

27 


All the AVinds hctxceen the cardinal points are described as N.E. S.E. S.W. and 
N.W. The number of observations in each year exceeded 850, but for readily com- 
paring the results, the Table is calculated for 1000. 


Article IV, 

On a Method of apphfing Madauruh Theorem, 

By Mr. James Adams. 

(To the Editor of the Annah of Philosophy.) 

SIR, Sfonchoujir, near Plymouth^ Dev* 30, 1820. 

Con SIDE RING the following method of applying IVlacluiirin\s 
Theorem (see his Fluxions, vol. ii. p. 11)8) as an improvement, I 
w’ill thank you for its insertion in the Annak of Philosopluf, 

I am, Sir, your obliged humble servant, 

Ja.mls Adams. 


Problem. — Given w = A -f (B -f C + D + E -f 

F 2' + &c.) 

To find &c. supposing d z constant. 

By taking the successive differentials of the given equations, 
we have 
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M = A+(Bz + C »’‘ + D »’ + £;< + Fz® + &c.) = A ±fz 

4^ = B ± (2Cz + 3 D»-+ 4Es- + 5 F z- + &c.) = B + 

* 

= 2 C + (2 . ? D z + 3 . 4 E + 4 . 6 F + 8cc.) = 
2 C±/. 

= 2.3D ± (2 .3.4 Ez + 3 .4 .5 Fz' •'- &.c.) = 2.3 

^ ityiii ^ 

= 2 . ‘3 . 4 E i- (2 .3 .4 .5 F; H- 3.4.5 . 6 + Sec.) 

= 2 .3 .4E ± 

= 2 . 3 , 4 , 5 F + (2 . 3 . 4 . 5 . 6 G r 4- Sec.) . . . . = 2 . 
3.4 .5F± 

See See. 

Where J z,J\zyj\^ ^ See. denote different func- 

tions of z, 

E.iawple 1. — Let it be required to develope !/ = (« + z)*- 
a =r (^a -f z)" = r/* -f /’z = A -f J' ^ s= A. 

(a 4- * 4- /*j z = 13 /i 2^ •* . wia"*”'* = 

= 7n(m—l) = //? (//i — 1) + /n z = 2 C 4- 

/*,, z .*. (m — l) = 2 


&e. 


Then by writing the value of A, B, C, &c. in the problem, 

m (m — 1 ) o’** “ ^ , 


we have {a 4- z)'* == a”" -4 ni a*" 


1 . 'i 


fft {in — 1) (w — -?) 
i . 2 . :i 


SvC. 


* 


♦ The usual methotl of hading the values of A. B, O, Ac. is to suppose the variable 
quantity in the given equations equal to notliing. by which means other equations are 
obtained which detenninc A, B, Ac. in terms of the given function; thus in the 
equation u — Ui + — A + B ~ + < ■ ~" + D i'-* + Ac. Suppose..' ~ 0, theu 

A, 


71 : 


7n {a -i- 2^)"* ‘ 


15 1- 2 C .V * .‘1 1> + Ac. Suppose ;r - 0, then ni a ”*•“ ‘ -- B, 


cf* u 

— m (w — 1) (« + ;:)'■•■“- ~ C + ‘i . 3 !> :r + Ac. Suppose ;- ^0, then m (w< ~1> 

a c* 


— - 2 (’ the same as before. This latter metliod is evidently as simple in its 
application ti-s tlie preceding, but it does not appear to me to be so evident, particularly 
to beginners. If 0 be written for in tlic equation tt — A -f B .7 -f- C -r 1> 2 ;® + Ac. 


we should have w = A, a g^ve» quantity, therefore 


d u (P « n 

dl' d~?' 5“?’ 


Ac. will be respec* 


tively equal to nothing. 
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Example 2. -—Let it be required to develope u = — 

M = 7^ = (fl + *)■' =«-•+/*= A +fz .-.A =i, 
7 = — (« + »)"’= - rt"’ +/, » = B +/, ».-.B = - 


d 
d^u 
4#i» 
u 


= 2(« + ^)-^= 2a-’ +/„*;= 2C +/„ z.-.C=: 

= _ 2 .3 (a + :)-• = -2.3 a-’+/,,, a = 2.3 D + 
/n> » .-.D = 


1 


&c. 


Therefore, by writing the values of A, B, C, &c. in the pro- 
blem, we have — — 


1 t 2“ , 

= - a“^ — i 

a a’ a3 a* 


Example 3. — To find the log. {a -f x.) in a scries, log. of base 
unity. 

'H ^ I {(t -f* z) = / -f* — ^ u = / 4" 4“ / d* 

y' = A 4- fz .*./« = A. 

= rh = j +/' ~ = ® +/' * •••I = 


4i u 
d z 
<f» u 


2 — 


‘i + 3^ “ 4^ + 


^ — (fl + *) — a + Jw Z — 2C +_/ii 

= 2 C, 

= 2 (a + z)- ■■ = 2 + /,,, s, = 2 . 3 D + /', , * 

= 3D, 

&c 

By substituting for A, B, C, ike. we have 

log. (a -i- z) =/, a -h ~ 

Example 4. — To find the log. (a — *) in a series, log. of base 
being unity. 

u = / (ff — z) = / a ^ I , a -{■ J z A f z ^ , 

^ z=: (, fly 

d ti 

'T 

n 1 

_ __ 

d* u 

d (o ■ 


T = - = - (; + ,/;«) = B+/...-.n = - ^ 

■ (i + f" =) = +7i- = 


\(t - 


“. = - fj. +/n, 4=2.30+ /„. * D 


1 
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By substituting for A, B, C, &c. we have • 

log.(a- *) = l.a - £ + 3 ^. + + &o.) 

Example 5. — Expand into a series the log. log. of base 

unity. "" 

« = ^(r^) = '(i) + ^ = 




1 = 

(/ tt 

1 


d z 

fl + * 


(I* u 

1 _ 1 

d 2* 

(« + «j* 

a’ 

« 

_ 2 



d »» 


&C. 


(n + s)’” («j +yiii ^ ■ 3 D + /,„ * 


I 

3«>’ 




Hence, and by substitution, we have 

log. (J-) = / . i - i + 

Exawp/e 6.— Expand into a series the log. log. of bate 

unity. 

“ = ^ (rh) = ^ (j) +/* = A +/* A = / (i) 

See 

Hence, and by substituting in the problem, we have 

‘°e- (rri) = ^ (i-) + 1 ; + -ir- + + 4^ + 

Example 7. — Expand into a series a*, log. of base unity, 
u = a* =s {1 + (a — 1)}‘ = 1 + /x = A +/x .•. A 5= I, 

/«{1 +(a-l)}*= /a+/,x=B+/,x.-.B = / .ff, 
= (i . af {1 + (a - 1)}* = (/ . ay +/„ x = 2 C +/„ * 


.-.C 




^ = (/.«)>{! + (a - 1)}* = (/.«)> +/,„x = 2 .3 D + 
f X • D 

j 111 X • . A/ ^Ts * 
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By substituting 'for A, B, C, 8tc. we have 


«• = 1+ 


(la)^ . ^ 

4* I — s — 


1 * 1 .'i • 1 .2 . S ’ 1 .*.3.4 

Example 8. — Expand into a series the log. log. of base 

unity. 

u ^ I (“3"“) = / . 1 4- f X = 0 4-/i' = A + /x.-. A = 0, 

<Iu 2a 2 - , -o® 

j-r = = r +/- •'^ = ® ^ ^ 

rp = (?^^ = o+/-^ = 2C+/..x.-.c = o, 

u 4 a , 1 6 a X* 4 . o o • i* .TV 

— — 

4?* ti 48 rt X . 96 a x3 , . r» o 

= 0 + 7.V X = 2 . 3 . 4 E + y.v r .-. 

E = 0, 

JT. = +y^ = ^ + y M -r = 2 . 3 . 4 . o F + X .-. 

F =r 

5 a-.' 


&C. . 

By substituting for A, B, C, &c. we have 

By adding the series in Example 3 to the series in Example 6, 
or subtracting the series in Example 4, from the series in Ex- 
ample 3, we have the same result as above, which is evident 
from the nature of logarithms. 

Example 9. — It is required to expand into a series the expres- 

. a»— x*" 

8ion 

21 = f — f- = 4- /' X = A -f fx .'.A = 

JT = 5^- + /■ = «"■’ +/• * = B + ••• B = «-% 

= iS? = 2 +y; X = 2 c + y; X c » 


d* u 

TI^ 

&c. 


^2.3 (<r» — x") 

““ (rt - x)* 

X D = 


+ /i = 2 . 3 a”-* +/. X s= 2 , 3 D +/, 


By substituting for A, B, C, we have 
f*"*” = a"*"’ + a'-’x + a"-> x® + n““^x’ + &c. Or, 

^ = ‘'- 
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Lemma, — ^To find the sines, cosines, tangents, &c. of circular 
arcs in functions of the arcs, radius being unity. 

Given sin. z = function otz =zf z, then will 

.L 

cos. % = (\ — sin.^ z)'" = 1 fzy 

sLn m f m 

tan. % 


cot. z = : = — 



s. c 

* -/t * 


1 _ 

1 


lan. * 

/u 


1 _ 

1 


cos. z 

1 

M 

1 

z 

_ 1 

__ I 


niii* a J ^ 

Example 10. — To find the sine of an arc in terms of the arc, 
radius unity, 

u = sin. 2 i= 0 +yr. =:A-fB;s + Ca;® + D 2 i^-f &c. = 
A + fz,', A = 0. 

= cos. x = 1 — y', 2 = B — B = 1, 

- sin.* = - (0 +/„ *) = 2 C +/„ z 2 C = - 0, 

^ = - cos. * = - (1 —fux *) = 2 . 3 D — 2 . 3 
D = - 1, 

&c 

By substituting for A, 13, C, &c. we have 

sin. * = * - + i-7 g :;: 47 s - 

Example 11. — To find the cosine of an arc in terms of the arc^ 
radius unity. 

a = cos. z 1 — /' 2 ;=:A — (Bz + Dx' + &c.) 

= A — /* .-. A = 1, 

a= — sin. * = — (0 + y, *) = B B = — 0, 

<?• tt 

= ■— cos. 


^ jj, — z — — - (1 fi x) — 2 C — fy a; /. 2 C ss — 1, 


= sin. a; = 0-f/n2; = 2.3D + a;.\ 2 .3 D =0, 


= cos. a; = 1 — a; = 2 .3 .4 E a; 2 .3 .4E = 1, 

&c 

By substituting for A, B, C, &c. we have 

cos. a: =5 1 — + 7 — — , 

l.z l.z.3.4 1.Z.S.4.5.0 

Example 12. — To find? the tangent of an arc in terms of th# 
arc, radius unity. 
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u sss tan. « = / ss 0 -f J'z =3 A -f ./*« A = 0, 

^ = 1 + = 1 +/, = B +/, « .-.B = 1, 

^ =2t +2r =0 +/„ « = 2 C +/.. « C = 0, 

~ = 2 + 8 t ' + 0 /■ = 2 + /, , s = 2 . 3 D D 


^ = iti/ + 40/’ -i- 24 /‘ = 0 + /; K = 2 .3 .4E +y;2 
E = 0, 

~ = 16 + 136 /’ + 240 /• + 120 /'■ = 16 + /! a: = 2 . 3 . 
4.3F+./>.-.F = — 

See 

From whence, and by substitutinc: in ihe problem, we have 

‘an- - = ~ + + TT7?iTr::; 

Example 13. — To find the secant of an arc in terms of the arc, 
radius unity. 

u = sec. z •= I 4- r= A 4- A = 1, 

"-f = ‘ + ? - i + ± = 0 +/, . = B + f. 2 B=0, 

^. = 1 +~ + -;-W ± ‘ 4-/., . = 2C+/„* 

^ = 6 / + ^' + ± &c. = 0 +/, , a: = 2 . 3 D +/„, 

z D = 0, 

^ = 5 + + icc. = .. +/. ar. = 2 .3 . 4 E + /, 


E = 


tiJ . 3 . 4’ 


— = G1 / + 4- ± Sec. = 0 4 y, 2: = 2 . 3 . 4 . ^ 

F -h J\z ,\V =0, 

= 61 + ^ ± &c. = 61 +./: a: = 2 . 3 . 4 . r, . 6 G 




Hence we have sec. * = 1 + -It , ^ 4 + iTsTlIis . e 

+ &c. 
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The student must understand that the developament of a func- 
tion by the preceeding method is not always the most conve- 
nient ; for instance, Examples 12 and 13 may be answered in a 
more simple and general manner by note (with some slight 
alteration in the symbols), taken from the translation of Lacroix' 
Differential and Integral Calculus. 


Per trig. tan. .r 

radius unity. 
By writing a 



1 - 


X7 


^ Ar 

^ 1...7 

"T 

1...9 




~ 1...6 

+ 

— & c . 

1...8 

- d — 


1 

4, a - 

T, 

^ 


— &c. the above equation becomes tan. x = 


x-b -f d -I- A ^ ^ 

1 — fl jr + c x^ — e + g X* — &c . ' 

Now from a little attention to these equations, it will appear 
iiiat tan. x may be represented by the scries A j 4- B + Cx‘ 
4 * D , r7 q . q . 


tliat is, 


X -—b X* + d 


1 — fl .r** + c — e j:*' + ^ a" 

4 - D 4 - E . r ^ 4- &c. 


& c . 


From whence we get 


‘A.r 




h x^--8cc.= 


(B— A a) 

(C — B + A r) 
(D~Crt4-Br-A e)x^ 

(E — D fl 4“ C c — B e 4- Ag) X* 
&c 


Then by equating the coeiHcients of the corresponding powers 
of:t on each side of the last equation, we have 
A =1, 


C = B « - A c + 

D = Cfl-Bc+Ae-/= 

E=D«-Cc+Bc A^fir + A = ^, 

8ic. 


The law of continuation being evident, we, therefore, have 
tan. .r = a. + ^ + 


16 x^ . 212x7 7936 jr* ^ o 

Ze + r:?j + TTTir + 


The same method may be applied to the deyelopement of the 


cot. 1 . 
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For cot X - + 4 - gx*-&c. I 

~ siB. x“x-4a» + <l x»-/x> + A a» - &r. X 

— (A X 4- B 4- 0 3?'+ D x’ 4- E X* 4- See.), radius unity. 
From whence we obtain 

f(-~ A^-i)x* 
j (— B4- A a'* 

—a x*4-ca^— ra*4-gx'‘— &c. =< (— C4-B6 — A d—f)x^ 

I (-.D4-C^-B(/ + Af4-A)x* 

LSec 

Then by equating the homologous terms, we have 
A = (a - i) = 1 , 

B = + A 6 - (c - rf) = ^. 

C ^ - A d + B /> + (e -/) = 

D = + A/ - B + C A - (g - A) = 

&c 

Where the law of continuation is evident, we therefore, have 

cot.x = - _ + — + _ + — f 8^c.) 

In like manner vve may devclope the sec. x. 
see. X = — - — = ^ 1 — ; — = 1 4* A a'^ 4* 

ccis. X I -- a a* + c A* — « jr*’ + ^ A* — Ac. 

B 4- C .r® 4" D X"® -f &c. radius unity; from wliich equation 
we obtain the following, viz. 

r(A - a) x^ 

I (B — A a 4- r) x* 

0 = -^(C— Ba 4- A.r--e)x® 

I (D — C a 4“ B c — A e 4- g) Ji* 
t&c 

Then by making the coefficients of x% a®, x*, 8wC. respect- 
ively equal to nothing, we shall have 

A = « = 1, 

B = A«-c=i, 

C = -Ac + B«-.« = -, 

D = Ae-Bc + C«-g = ^, 

... 


The law of continuation being evident, therefore, 

MC. X_l+j-+ g4+ 7*0 + 8064 
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We may from the same principle find the cosec.^x in terms of 
the arc x, radius unity. 


cosec. X = 


bin. X 

B X* 4- C -3^^ + &c. , 

From whence we get ^ 

'‘(A - b) 


! 1 ^ A X ^ 

j; - + hx9^&c- X ^ 


(B - A /> + rf) 

0 = ^(C-B64-A^f -/)i® 

(D-^Cb + Bd- A/+ /0x» 

&c. 


Then by making the coefficients of x^, x®, x*, &c. respect- 

ively equal to zero, we have 



B = 
C = 
D = 


A A — </ = 


_1 

360’ 


B - 


A d + j = 


31 

151520’ 


C - B ri -f A f-h = 


127 

604800’ 


iStc. 


The law of continuation being evident, therefore, 
1 x , 7 jr* 31 

COSCC. x = *“ 4* -f T rToM + 


15120 


+&C. 


604800 


Article V* 

On the Solution and CrystoIUxation of Lime. By R. Phillips^ 
PRSE.FLS.&c. 

AIr. Dalton, in his ** New System of Chemical Philoso- 
phy,” has stated the curious fact that lime is more soluble in cold 
water than in hot, and has given the following table to show the 
difference w^hich exists in water of various temperatures. 

One part of water of Takes up of lime. Takes up of dry hydrate of lime. 

• • • • • -••••••••••• ttt 

130 •jrfr •.••••*••••• - f 

"nr*TTr 

This table,” he observes, leads us to conclude that water 
at the freezing temperature would take nearly twice the quantity 
of lime that water at the boikng temperature takes.” 

Mr, Dalton has not attempted to account for the curious fa^ 
which be has discovered. Mr. Brande has ndt mentioned tius 
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circumstance, ill his Manual of Chemistry, nor does Dr. Thomson 
or Dr. Henry attempt to explain the fact in their respective 
works, although th^ have given the results of Mr. Dalton’s 
experiments. Dr. Murray, in the last edition of his System of 
Chemistry, observes, this circumstanf e is extremely singular ; 
augmented solubility from cold is contrary to all analogy, as well 
as to the principle on which the relation of temperature to solu- 
tion depends.” 

With the intention of determining the comparative solubility 
of lime in water of different temperatures, and if possible also to 
discover the cause of the difference, 1 prepared some lime- 
water at the temperature of the atmosphere, which was then about 
60° of Fahrenheit. A wine pint which had been filtered with as 
little exposure to the atmosphere as possible was decomposed 
by adding solution of carbonate of ammonia. The solution was 
examined with oxalic acid, and it appeared that the whole of the 
lime was precipitated by the carbonic acid of the carbonate of 
ammonia. The precipitated carbonate of lime being washed 
and dried weighed 17*3 grs. equivalent, according to Dr. Wol- 
laston, to 9*7 grs. of lime ; and as a pint of lime-water weighs 
about 7300 grs. it follows that water at 60° dissolves about 
of its weight, agreeing pretty nearly with Mr. Dalton’s state- 
ment, and still more so with Dr. Thomson’s, who finds that 

758 grs. of cold water dissolve one of lime.” 

I next boiled some hydrate of lime in water, and filtered it 
with as little exposure to the air, and as rapidly as possible. A 
pint of this decomposed, as in the former case, by carbonate of 
ammonia, gave 10’5 grs. of carbonate of lime, equal, according to 
the scale, to 5*9 grs. of lime. Boiling water, therefore, as appears 
by this, dissolves only x.'xir weight of lime. 1 repeated 

this experiment, taking exactly 10,000 grs. of the lime water, 
the carbonate of lime weighed 14 grs. = 7*8 of lime ; so that 
the hot water had taken up t-jW weight, agreeing very 

closely with the former experiment, and as nearly wnih Mr. Dal- 
ton’s as 1280 to 1270. 

Some lime water was now prepared by putting hydrate into 
w^ater, a very little above the temperature of 32°. This being 
filtered with the usual precaution, 10,000 grs. were decomposed 
in the manner already stated, and 27 grs. of carbonate of lime 
were obtained, confirming very nearly Mr. Dalton’s opinion that 
water at 32° would dissolve twice as much lime as water at 212°: 
27 grs. of carbonate of lime are equivalent to 15*2 of lime, and 
conseq\iently water at near 32° dissolves weight of 

lime : to be exactly double, it should be 

Having, by these experiments, satisfied myself of the correct- 
ness of the facts stated by Mr. Dalton, I proceeded to inquire 
into their cause. With this intetftion, I prepared some lime 
water at a little above 32° of Fahienheit, and heated to ebullition 
46 ounces in a flask, from which a long tube issued ta prevent 
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the access of carbonic acid from the atmosphere. In a very 
short time, small white particles were deposited in the lime water, 
and after about two ounces of the water had been evaporated, 1 
discontinued the ebullition, and cooled the lime water secured 
from atmospheric air. ^ 

On examining the particles which had been deposited, it was 
evident that they were ciystalline, although the smallness pre- 
vented the determination of their form i they had nevertheless 
the usual brilliancy of saline crystals. 

To determine what quantity of lime had been deposited by crys- 
tallizing, and what proportion it bore to the evaporation,! decom- 
posed a pint of the lime water in the mode already described by 
carbonate of ammonia, the carbonate of lime precipitated was 
dried, and weighed 8*() grs. = 4*85 grs. of lime, it is, there- 
fore, evident that the action of the heat had caused the crystalli- ^ 
zation of the lime, and had effected it in a much greater degree 
than could be accounted for by the evaporation which occurred. 
The lime water before eva[)oration contained of its weight 
of lime ; after 1-ldth had lieen evaporated, the quantity of lime 
was reduced to ; so that more than one half of the lime was 
crystallized by evaporating I -13th of the solution. 

The cause of this crystallization appears to me to result from 
the effect which heat sometimes produces of increasing instead 
of diminishing the attraction of cohesion. The affinities which 
are brought into ])lay are, the attraction of aggregation of 
the particles of the lime for each other, the attraction of the 
lime to form a hydrate with a small portion of water, and the 
mutual affinity existing between that hydrate and water of 
solution. 

Among the cases which may be cited as proving the aggre- 
gating power of heat is this : If some peracetate of iron be 
decomposed by ammonia, the oxide is quickly redissolved by 
acetic acid ; but if the oxide of iron be boiled in the solution 
from which it is precipitated, the acetic acid is incapable of dis- 
solving it, on account of the cohesion which the oxide of iron 
has sutil:red by heating. 

As crystallization is but a modification of cohesive affinity, we 
may, 1 think, consider, that the cohesive or crystalline affinity 
excited by the heat, increased by the affinity of the lime 
for a definite portion of water, is so much greater than the affi- 
nity of the hydrate of lime for the water of solution as to occa- 
sion crystallization. If the quantity of lime crystallized was in 
any degree proportional to that of the w'aler evaporated, there 
would be no occasion to supposi' the existence of the cause I 
have mentioned. 

Mr. Dalton, instead of merely heating lime water, which had 
boon prepared at a lower temptrature, boiled it again with hydrate 
of lime ; it is evident, therefore, that the crystailiption which be 
would otljerwise have oTjserved could not be adduced to account 
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forthecuriou9dUcove^whiAh^^^^^ 

discover whether they ^ Thenard had 

which tahes place y ^ Chimie • however as he has 

.ttttd the feet » lich it Uke» place, 

interest. 


Article VI. 

o. -»e nicrtaele 

In the seventh voteo^W 

and the Arte, I h.i\ also the nature of the 

aubcarbonate of converted by 

decomposition by . gesquicarbonate, and 

'''' TS^iT^Z^7'.Z:oSl Tl?,. l..t .alt I.had 

eventually into nicar , excent bv exposing sesquicar- 

aot at that time Lt summer. 

liowever, Ur. y & the common smelling salts, 

with the intention ® P, notTaeen explained, the salt instead 

From some cause i^uch l^^ 

of being b^Umse to^whom it was sent. This salt 

this account re^cte y sesquicarbonate of 

“nnia not become opaque by keeping ; and turmeric 

rr held oir itTs scarcely -iffected by it even when fresh 

broken. , . . i j found this salt to he 

w “TbS r'hav n' " ; „ L lb. paniealan. of bi. ana- 
bicarbonate, but not nav m » t 

lysis, I venture to slate the , dissolved in 

One hundred ai IJtrht of* the vial and acid being pre- 

dilute sulphuric aci » ^ . |j. ^.^bonic acid evolved amounted 

viously noted, um quan y ^ j quantity 

to 661) parts, and addeJ to a neutral 

of the same t^i,i«r care that the latter salt was 

solution reJaily occurred, and by the apnlication 

““Sf S“ WoIiKc A.. it 
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of lime are equivalent to 21* 16 of ammonia. One hundred parts 
of this salt consist, therefore, of ’ 

Carbonic acid 55*5 

Ammonia 21*16 leaving for 

Water 23*34 

100^0 

'rhe exact composition and atomic constitution are as follow, 
and perfectly similar to the salt obtained by exposing what is 
usually termed subcarbonate (but correctly sesquicarbonate) of 
ammonia to the air. 


Two atoms of carbonic acid . . . 

55-08 ... 

. . . . 55*5 

One atom of ammonia 

..21-5 ... 

.... 21-7 

Tw o atpms of water 

, . . 22-64 . , 

. ... 22-8 


99-22 

100-0 


Article VII. 

On Itain-Gnages, By Mr. Richard Davenport. 

(To the Editor of the Annah of Philosopht/.) 

SIR, Jan, 10, 1821. 

I PEttCLivE in your last number another letter added to the 
many that have appeared on the subject of the different indica- 
tions of similar ram-guages differently situated. It is rather 
surprising that the writer should not before have met with the 
observation that a greater (quantity of rain falls on a given area 
on the surface of the ground than on an equal area at a consi* 
derable height above it ; it being noticed and accounted for in 
elementary books and lectures on meteorology generally. 

It is more surprising that disputes should have arisen and 
have been carried on from time to time in a scientific publica- 
tion, whether, on a given area, an equal or a smaller quantity of 
rain drops would be received if falling obliquely, than when fall- 
ing perpendicularly, it being a subject of easy 

demonstration, and probably by the greater part of your readers 
perceived to be so, although some of the disputants seem to 
continue in their first error. 

There is, however, a cause of the different indications of simi- 
lar rain-guages under the circumstances that have led to the 
discussion, which I have n jt seen any where noticed, and it ia 
for this reason I trouble you with this letter. 

If we suppose rain drops to proceed at uniform relative di«- 
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tttnces from each other out of a cloud of given magnitude 
extending horizontally over a certain area of land, whether those 
rain-drops fall perpendicularly, or proceed with a motion derived 
from a projectile force received in the upper regions, the lines 
described in their fall will be parallel to each other, and the 
space they fall on on the surface of the' earth will be in either 
case equal to the area of the cloud: in* one case, immediately 
under the cloud ; in the other, at some distance from it. In 
either case, similar rain-guages would receive equal quantities 
with each other. This cannot admit of serious dispute but 
when we consider that the oblique fall of rain-drops is given 
them by the motion of the medium through which they pass, 
and that when that medium (the wind) with its rain-drops 
impinge against any opposing surface, the rain-drops are 
retained by that surl’ace, w hile the volume of wind proceeds divS- 
charged of that rain, the case is altered ; for it becomes evident 
that an eddy of reverberated wind actually contains a smaller 
quantity of rain than is contained in an equal volume of uninter- 
rupted wind. 

Suppose now a wall extending on a plain, and the rain in its 
oblique fall beating against the face of this wall, and two rain- 
guages, placed one on each side of the wall at the base, and a 
third on the top. If the oblique direction of the vain were 
owing to an original projecting force, one of those at the base 
would receive no rain at all ; but the other, and the one at the 
top, would receive equal quantities with each other (putting out 
of question the trifling difl'erence of accuinttlation of drops f alling 
through the small perpendicular space between them) and those 
quantities w'ould be equal to those of similar guages placed on 
the uninterrupted plain. But since the oblique direction is 
owing to the horizontal motion of the stratum of air through 
which the rain passes, w^e ought to expect the upper guage to 
receive less ; for the v(ilume of air that beats against the wall is 
not annihilated, but must rise ; and passing over the wall passes 
over the upper guage discharged of rain, driving away an equal 
volume of saturated air. We may also expect tlie one at the 
base even at the windward side to receive less than others at a 
distance from the wall, for part of the wdnd must be reverberated 
over that. In short there will be a general mixture and confu- 
sion of saturated and emptied volumes of air disturbing the 
indications of all the guages within the influence of the eddies of 
wind. 

Take another case. — Suppose an extended plain abruptly 
broken by a perpendicular clifl'into two different levels. Say, a 
cliff running from north to south, and on the west side of it a 
high level plain, and on the east side a plain on a lower level. 
Place a rain-guage on the edge of ^he cliff. Suppose a driving 
rain with a west wind. This guage will receive ite due quantity 
of rain equally wto others on the open plain* Bui suppose a 
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driving rain with an east wind. In this case it ought to receive 
much less, because the face of the cliff will leceive all the rain 
coiirtaiued in the wind driven against it, and will drive upwards 
the wind discharged of rain. If tlie wind drives up a slope^ 
instead of a perpendicular wall or cliff, the same thing will hap- 
pen in a less degree ; *and all irregularities of surface will more 
or Icvss disturb the equality of distribution of rain ; and that in 
difterent degrees under dift’erent directions of the wind. It is 
also evident that as the rain driven away by the eddies must fall 
somewhere, it will fall in increased quantities in irregular por- 
tions elsewhere, and this will double the difference of indication 
of guages at no great distance from each other. 

I am, Sir, your obedient servant, 

Richard Davenport. 


Article VIII. 

On I he Madiincjh?' measuring a Ship's Wap bp the Log Line. 

(To the Editor of the Annals of Philosophy.) 

31 V DEAR SIR, 

Tiir. enclosed communication I received from a gentleman of 
great respectability in Denmark. You will oblige me by insert- 
ing it in the Annals of Phi losoplip. Very truly yours, 

G. Forchhammer. 

Notliingis more probable than that tw'O different persons may 
have conceived similar ideas on any particular subject; and when 
the inventions to which they give rise prove of essential utility, 
it is but just that each should enjoy the honour that really is due 
to him. 

It is stated in the Journal of Science and Arts, edited at the 
Royal Institution of Great Britain (vol. ii. p. 90), that Mr. New- 
man has claimed to be the first inventor of a machine for measur- 
ing a ship’s way by the log line. This is stated to be effected 
by means of a sort of watcTi which is to serve on board of ships 
in lieu of the usual sand glasses of one-quarter, one-half, or one 
whole mihute. 

Mr. Newman’s description of his machine is as follows : 

‘‘ The quarter and half minute glasses in general used for 
measuring a ship’s way have always been found very irregular. 
This irregularity arises from various causes, and particularly the 
state of the atmosphere at different times, and m various lati- 
tudes ; and even when they are new, it is scarcely possible to 
find two that will run out in the same time. * 

New^Series, vol. i. h 
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** As the log line is in general use for measuring a ship's way, 
it is evident tliat so inadequate a method of ascertaining the por- 
tion of time required must introduce many errors into the esti- 
mate made of the velocity and progress of the vessel; and a 
small, simple, and correct machine that can be depended upon 
for this purpose appears to be a very desirs’ble improvement. 

A small maclnne which I have invented, and which has had 
the decided approbation of many naval officers, appears to pos- 
sess every requisite for the purpose to which it is intended to be 
applied. It is enclosed in a round brass box, three inches and a 
half in diameter, and one and a half in depth. It has a dial, the 
circumference of which is divided into ()0 parts. In the centre 
is an index, which is carried round by the machine once in ()(K', 
or one minute. At the loth, 30th, doth, and (iOth second, are 
holes made in the dial tlnough which pins are pushed up or down 
by small buttons on the outside. The dial is covered in by a 
strong glass. 

VV lien the machine is used, being wound up, tlie iiulex is to 
be retained at ()0'' by putting the pin up at that division. If 
then lo'' are to be counted, the pin at bf/' is to he put up, and 
the moment the log is delivered, that at 00'" depressed ; the 
index immediately advances, and continues in motion until 
stopped at lb". If 30", or or 00'^, are to be told, tlu‘ pin 
belonging to the number required is to be put up, and the time 
told as before. 

The beats of the machine can be heard at a considerable 
distance, and the moment at which it stops so readily distin- 
guished that it may be used as well in a (lark night as during 
day, or by a light ; and as it is perfectly accuratt^, very strong 
and very portable, it seems well adapted to su])ply the place of 
those incorrect minute glasses at present in use aboard on all 
ship.?.” 

1 think it, however, a duty incumbent on me to observe, that 
Hear-Admiral Lowenorn (a gentleman who as a hydrographer, 
in his capacity as Chief Director of the Royal Marine Chart 
Archives, has been of essential service to mariners ; and besides 
this, has caused great number of lighthouses to bo erected upon 
the Danish coast, Sic. &c.) had already conceived tliis very idea 
several years before, and was the immediate cause of the con- 
struction of a watch by an artist, by the name of Sparrevogn, 
who in the year 1 804 constructed a portable log watch in the form 
of a common watch, which the person employed in logging may 
conveniently carry about his neck, suspended by a ribbon, or in 
any other maimer. In the very moment, the first mark of the 
log line has run out of the man's hand, he needs only to 
l^ress upon a spring of the watch, which direct^ sets it going, 
and the index shows exactly the fufl seconds. When the index 
of the watch poic^ts on to the 14th second (which serves to denoHe 
one-quarter of a minute), this watch strikes a bell loudly in the 
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inside, so that the person who is logging may.directly, and in 
the very same moment, stop the line and count the knots ; the 
watch meanwhile continues to go, and tlie index indicates the 
seconds until the 28th second (for this division is adopted here 
for the computation yf our log), when the watch again gives a 
loud stroke, and the man at that very moment stops the line, in 
case he has let the log run to that moment which is used when 
the ship runs at a moderate rate ; tlie watch is now run down, 
and stops at once. It is not wound up in any other manner: 
this is effected by the pressure upon the spring by which it 
repeatedly may be set going. 

The contrivance appears to be somewhat superior to that 
described by Mr. Newman. Mr. Sparrovogn (the above-men- 
tioned Danish watch-maker, who is now- dead) made several of 
these log-w atches. Tiie Danish Hoard of Admiralty rew arded Mr. 
Sparrevogn with a proper remuneration, and Admiral Lowenorn 
laid before the Royal Society of Sciences at C^openhagen (of 
which ho is a Fellow) a drawing of the construction of this watch, 
together with an explanatory description of it, w'hich met the 
approbatioirof the Society. 


Article IX. 

On the Action of Crystal lizcd Bodies on Homogeneous Lights and 
on the Catfses of the Deviation f rom NewtotCs Scale in the 
Tints which many of them develope on Exposure to a polarised 
Ray, Hy J. F. VV. Herschcl, Esq. FRS. bond, and Edin,* 

SiNCK the period of the brilliant discovery of Malus of the 
polarisation of light by reflection, the investigation of the gene- 
ral laws which regulate the action of crystallized bodies on light 
has advanced with a rapidity truly astonishing, and the labours 
of an Arago, a Brewster, and a Biot, have already gone far 
towards completing the edifice of which that distinguished phi- 
losopher laid the foundation. When Malus wrote, the list of 
doubly refracting crystals was small, and the most remarkable 
among them possessing only one axis of double refraction, it 
seems to have been for some time, tacitly at least, presumed that 
the law discovered by Huygens, and since re-established in the 
most rigorous manner for that one,t might hold good in all. 

* Read before the Royal Society of London, Dec. SS, 1819* 
t The author of the article on Polarisation, in the dSd number of the Edinbmsh 
Review, just published, is guilty of a most unpardonable miatalrc, in assorting (p. 188), 
as dedudble mm Dr. Brewster's experiment, that the Huygenian law is infiorrtef, im 
carbonate of lime. Dr. Brewster's general formoltt for erystals with two eaies residvie 
themsdves into the Huygeuiao law wlfon the axes coincide^ of whidi epe it is coiym 
extension. That exceuent philoitqiiher, if I understand English, in tlw pamgppli 
which gave rise to this stnuige asi«tun, only mnani to deaSre bis opnion wat it 
remains uademonstratad. 

■ 2 
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The discovery, by Dr. Brewster, of crystals possessing two axes 
of double refrection, or two directions in which a ray may pene- 
trate their substance without separation into distinct pencils, has 
proved the fallacy of any such generalization, and rendered it 
necessary to enter on a far more extensive ^calc of investigation. 

There are two methods which may be pii^rsu ad in observations 
on double refraction and polarisation, the one direct, the other 
indirect. The former turns on immediate observations of tiie 
angular deviation of the extraordinary pencil, and is, of course, 
only applicable when the forces which act exclusively on the rays 
composing it are sufhciently intense to cause a sensible separa- 
tion of the two pencils. There exist, however, a multitude of 
crystals m which the force of double refraction is so feeble as to 
produce scarcely any, or at most a very inconsiderable deviation 
of the extraordinary ray, and in w hich, consequently, the laws of 
double refraction could neither be investigated nor vanafied, 
without having recourse to some artificial means of' magnifying 
the quantity to be observed ; a thing easy enough in theoi v,but 
requiring, in practice, the greatest nicety on the part of the 
observer, and in many cases altogether impraeticalde, from the 
physical constitution of the crystals themselves. The indirect 
method depends on the discovery of Arago, scarcely inhrior in 
intrinsic importance to that of Mains, of the separation of a pola- 
rised ray into complimentary portions by the action of a crystal- 
lized lamina. It was resi‘rved, however, for the genius of 
M. Isiot to trace this striking phenomenon to its ultimate causes, 
in the action of crystals on the difl’ercntly coloured rays, and to 
develope, in a simple and elegant the{)ry, the successive grada- 
tions by which the polarisation of a ray in its passage through a 
doubly refracting crystal is performed ; while, on the otlun- hand, 
the splendid phenomena of the polarised rings, which vve owe to 
Dr. Brewster, have established the connection of the tints so 
polarised with the force producing tht; deviation of the extraor- 
dinary pencil, and show n the legitimacy of conclusions respect- 
ing the intensity of the latter, drawn from observations on the 
former. 

This indirect mode of observation, which consists in noticing 
the gradations of colour for different positions and thicknesses 
of the crystal, possesses three capital advantages. The first is 
its extreme sensibility, which enables us to detect the existence, 
and measure precisely the intensity of forces, far too feeble to 
produce any measurable deviation of the extraordinary pencil. 
It, in fact, affords the rare combination of an almost indefinite 
enlargement of our scale of measurement, with a possibility of 
applying it precisely to the object measured, arising from the 
distinctness of all its parts. Another, no less precious, is the 
leading us by mere ocular inspectiofi to the laws of very compli- 
cated phenomerjp, and enabling us to form, and mould, as it 
were, our analytical formulae, not on a laborious, and sopaetime^ 
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deceptive discussion of tabulated measures, *but on the actual 
form of the curves themselves, wiiich are loci of the functions 
under consideration. It is true, that a reference to tabulated 
measures is indispensable to give precision to such first approxi- 
mations ; but the flower this mode of observation affords of 
copying our outline fresh from nature, vind from the general 
impression of the phenomena, brought at once under our view, 
is an advantage not to be despised. Nor ought we, lastly, to 
omit, in our estimate of advantages, tlio means thus afforded us 
of subjecting the minutest fragments of a crystal to a scrutiny 
as severe as the most splendid specimen, and thus extending our 
researches to an infinitely greater* variety of natural bodies than 
we could otherwise hope to exainiije. 

In order, however, to render obserxations on the tints deve- 
loped l)y |)olarised light available, they must be comparable to 
eacli otli(‘r; and it, tlh'reforc, becomes an object of the first 
impor(unce. to n‘^ccrtaiu the existence, and discover the laws, of 
any causes which may operate to disUiri) their regularity. Ever 
since 1 first engaged in experimental impuries on the polarisa- 
tion of light, 1 was struck by the very considerable deviation 
from the succession of colours in thin laminae, as observed by 
Newton, which many crystals exhibit when cut into plates per- 
jiendieular to erne o{‘ their axes. I at first attributed this to a 
want of' perfect regularity in their structure, or to inequalities in 
thv*ir thickness, arising from my own inexpertness in grinding 
and ]>oli’^hing their surlaees; and it was not till habit had ren- 
dered me familiar with all (In* usual causes of deception, that, 
finding the same phenomena unil'ormly repeated in different and 
perfect specimens, my eunosity became excited to inquire into 
their cause, the more so as they now began to assume the fonn 
of a radierd and unanswerable objection to the theory of i\l. Biot, 
above alluded (o, w hich aHbrds so perfect an explanation of the 
tints in crystals w iili one axis. 

These phenomena have not escaped the vigilance of Dr. 
Brewster. In his jiaper of ISIS, he distinctly notices the fact of 
a deviation from New ton’s scale, in crystals with two axes, and 
promis<‘s a more detailed account of it, w hicli, however, has not 
yet appeared. But the object of the present communication is 
not thereby anticipated, as in the only passage in that paper in 
wiiich he expresses himself otherwise than obscurely on its 
cause, he appears to regard the deviated tints as analogous to 
those developed along the axis of rock crystal and by certain 
liquids ; an analogy which, in the present state of our knowledge 
on that perplexing subject, it seems not easy to admit. In a 
paper too, which has lately appeared, containing the interesting 
observations of the same^ excellent philosopher on the optical 
structure of the apophyllite, he remarks the very striking devia- 
tion of the colours of this ciystal from Newton’s scale “ in the 
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first orders of ks rings ; and while he remarks that such devia- 
tions are common enough, and indeed universal in crystals in 
which the rings are formed by the joint action of two axes,** 
seems to think this analogy close enough to authorize the sub- 
stitution of two rectangular axes of a negative character for the 
single positive axis actually observed, according to his own 
peculiar and ingenious views on this subject. I lost no time in 
endeavouring to procure a specimen of this mineral, and by the 
kindness of mv friend, Sir Samuel Young (to wliom I owe more 
than one obligation of this nature) was favoured with one suffi- 
ciently transparent for optical examination. From my observa- 
tions on this body, I think I shall be able to demonstrate satisfac- 
torily that the phenomena of the apophyllite depend on a 
principle distinct from that which produces tlie chief part of the 
deviation of lints in most crystals with two axes. 

The course 1 propose to pursue is, first, to describe the phe- 
nomena themselves. 1 shall then show liow these phenomena, 
complicated as they arc in appearance, are all reducible to one 
very simple and general fact; viz. that the axes of double 
refraction differ in their position in the same crystal for the dif- 
ferently coloured rays of the spectrum, being dispersed in one 
plane over an angle more or less considerable, according to the 
nature of the substance. In many bodies, the magnitude of this 
dispersion of the axes is comparatively trifling, while, in some, 
not otherwise remarkable for a high ordinary or extraordinary 
dispersive power, it is enormous, and must reiidt r all computa- 
tion of the tints in which it is not taken into consideration, com- 
pletely erroneous ; and indeed obliterating almost e^ery tracci of 
the INewtonian scale of colour. We have here then a new ele- 
ment, which, for the future, must enter into all fonnuhn of double 
refraction pretending to rigour, and at the same time are pre- 
sented with another very striking instance of the inherent dis- 
tinction between the difierently coloured molecules of light, 
which, since the time of iVewlon, every new step in optical 
science has tended to place in a stronger point of \iew’. At the 
same time, by the easy and complete explanation this principle 
affords of all the more perplexing anomalies in the tints, the 
theory of alternate polarisation to which they w ere hitherto so 
palpable and formidable an objection, stands relieved from every 
difficult}, and may now ])e received as fully adequate to the 
represc‘iilatif)ii of all the phenomena of the polarised rings, and 
entitled to rank with the fits of easy transmission and reflection, 
as a general and simple physical law. In fact, if we investigate 
by this theory a general analytical expression of the tint deve- 
loped for any position and thickness of the plate, taking this 
element into consideration, it will .be found to include all the 
phenomena, as far as they can be computed ; while the law of 
dispersion remains iinknowm. But we may go yet further. The 
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nature of the formula furnishes an equation by which the actual 
quantity of the separation of the extreme red and violet axes 
may be deduced from observations of the tnits of a very simple 
and accurate nature, being perfectly analogous in principle to 
the method of coincidences,’’ which has of late been applied 
with such success to^^the most delicate investigations in every 
department of physical scie)»ce. The comparison of the results 
afforded by that equation w ith those deduced by direct observa- 
tion on homogeneous light; while it leaves nothing to desire in 
point of accuracy, leads to another important result, viz. that the 
proportionality of the minimum lengths of the periods performed 
by differently coloured molecules, in a doubly refracting crystal 
to the lengths of their fits of easy reflection and transmission^ 
supported as it is by an induction of no ordinary extent and 
accuracy, is yet not universal, admitting a deviation to a very 
large amount. Hence must of course arise a kind of secondary 
deviation in the scale of tints. In crystals with two axes, how- 
ever, this is masked by the much more powerful effect of the 
separation of the coloured axes ; yet even there, is not altoge- 
ther insensible in an extreme case. In the apophyllite, however, 
the agency of this secondary cause is placed in the fullest evi- 
dence. The application of our general formula to the anomalous 
tints of that body, while it proves incontestably the exact coinci- 
dence of the axes for all the coloured rays, points out at the 
same time a peculiarity in its action on the more refrangible 
extremity of the spectrum, of a nature so singular, so entirely 
without example in all the multitude of natural and artificial 
bodies hitherU) examined, as to render me extremely desirous of 
prosecuting the research, w ith the aid of more perfect specimena 
and improved methods of observation. 

Having arrived at the general result of a dispersion of the axes 
by the sole consideration of the gradation of tints in plates of 
various thicknesses, it becomes interesting to verify it by direct 
and independent oliservation. This I have accordingly done ; 
and the fortunate discovery of a substance in which it is of 
enormous magnitude, puts it in our power to render the fact 
sensible to the eye of the most unpractised observer, by au 
exceedingly simple experiment, to be described in its place. 

II. Of the general Phenomena of Cn/stals tchich develope Tints 
deviating f rom l^ewtons Ucale^ hi/ Lxpo&nre to polarised Light, 

In describing the phenomena, 1 shall at present confine myself 
to the tints developed along the principal section of the crystal, 
which is supposed placed in an azimuth 45^ with the plane of 
primitive polarisation. The observations of the tints in this 
position are most easily made, and least liable to error, and we 
shall see presently that it would be superfluous as well as embar-^ 
rassing to examine other situations, the law^of the phenomena 
beingicompletely deducible from this. In this series of observa- 
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lions, then, we tt'averse the polarised rings (PL IV.) fig 1 in the 
direction of their axis of symmetry A passing through their 
poles P, P', and centre O. Now if we subject to this examina- 
tion any one of the following substances : 

Sulphate of soda? Arragoeite, 

Sulphate of baryta, Sugar, 

Nitrate of potash. Hyposulphite of strontia, 

it will be seen tliat the tints between the poles P P' correspond 
to lower orders of colour than would result from assuming P, P', 
as the origin of the scale, and agree* much better with the 
assumption of certain points y;, y/, without the poles, as their 
'Zero, or commencement of the scale. The poles themselves too 
instead of being absolutely black, are tinged with colour ; and 
the tints beyond them, instead of dt'seending in the scale from 
the poles outward?,, continue to rise till they reach their maxi- 
inum (which is a wliitc, more (u* less brilliant, or an absolute 
black) at the points p, p' ; after which they descend again to 
infinity. Not that in any case they coincide precisely with the 
«cale of Newton, even with this correction, but,(xc(*}it in extreme 
cases, approximate to it within some niod(*ratc limit ofernu*. 

If. on the other hand, we examine in the same manner one of 
the follow ing bodies : 

Tartrate of soda and potash. Sulphate of magnesia, 

Borax, Topaz, 

Mica, 

it will be found that the imaginary points, ys y/ (which we shall 
call the virtual ]u)/rs)j from which the tints must he reckoned 
inw ards and outwards, to produce the nearest possible agre(‘ment 
with New ton's scale, lie betw ee n the poles P, P^ 

in all these crystals, as the; thickness of the jilate examined 
increases, the virtual poles p y/ recede from the actual ones 
P P', at least in respect of the number of alteinations of colour 
which intervene between them: in other wcuds, tin* tint deve- 
loped in the poles, or along the apparent axes of the crystal, 
descends in the scale of colour, ns the tliickness of the plate 
increases, and vice i ersa. in very small thicknesses, the tints 
approximate pretty closely to New ton’s scale, or wholly ct)incide 
with it, w hile in very great ones, the tint developed in the poles 
is the composite white of the extremity of the scale. The angu- 
lar distance, however, of the virtual poles from each other and 
from the axes, remains absolutely unchanged for all thicknesses; 
and this striking fact, which 1 have proved by numerous and 
satisfactory'' experiments, was first suggested for examination as 
a result of theory, and would equs^lly hold good, as will pre- 
sently be proved, for every conceivable law of double refraction. 

* The whole of the hgures in this paper not being referred to in the present part, 
the Plate will be given entire, with the remainder of the paper, in the next number.— 
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The substances, which I liave examined most attentively, are 
sulphate of baryta, nitre, mica, and Rochelle salt, and the sub- 
joined tables ot tints developed for different inclinations in plates 
of the first and last of these, may serve os examples of the mode 
of action of the respective classes to which they belong on light, 
and will afibrd data 'for some calculations to follow. The first 
two columns contain the inclinations corresponding to similar 
tints of the incident ray on the moveable plate which carries the 
crystal, in flic* gem ral apparatus imagined by M. Biot for obser- 
vations of this kind. 'W ere the plate cut in a direction j)recisely 
perpendicular t(» the oj)tic axis (or line bisecting the angle between 
thos(j of double' relVaction), and adjusted wdth j)erfect accuracy 
on the instrument, the excesses or defects of these angles above 
or below' would represent the angles of incidence. Neither 
of these conditions w'ere, of course, exactly fulfilled. But it is 
obvious that the small errors in these ])articiilars (which w'ere 
ascertained not to exceed 1° or 2^) mu^r affect the computed 
angles of refract i{ui on both sides of tlie perpendicular with 
ecjual and opposite* ( rrors. 'fhe same may l)e said of any error 
arising from a slight prismasticily of the ])late, which, however, 
must lla^e been extieiiielv small, tlie plate Imving always been 
rendered parallel by tlu‘ dclic.’.te test of the sphmrometer, within 
a vt'ry lew divisions,^' (’onsequeiitly, in calculating on these 
data, tlie mean angle of refraction determined by the simultane- 
ous use of both ol)ser\ations (tluur semi-difierence being taken 
for tlie angle of incidence), may be expected to dilfer from the 
truth by an e.xtrc'inely minute C|uaiitity. The tliird column com 
tains the lint deve loped in the ordinary pencil, and the fourth in 
the e\ti;u’.i(liiiary. The last notices the rcmarkalde jioints in 
tlie system of rings to wliich the tints *and angles in the other 
columns eoriespond. The positions of the poles were determined 
1)V interpo>iug a red glass between the crystal examined and the 
reflector u^ed to peilarise the incident light. The glass used for 
this juirp'osc was oi‘ that kind occasionally found in old church 
windows, and whose manufacture seems to be numbered among 
arts now forgotten. It transmits almost the whole of the red 
rays, and part of the orange ; while it completely stops all the 
more refrangible colours. I have endeavoured in vain to procure 
a specimen, whose limits of transmission are more confined. 
{Such are said to exist, though very rare ; and in the absence of 
such, the indications of that employed may be taken to coiTes- 
pond to the mean red rays. 


Each equal to the 2SS09th part of an inch. 



Mr, Herschel on the Action of 


Table I . — Snlphateof Baryta, Thickness of Plate = 0*1 1964 m. 


Corresponding 

inclinations. 


Ordinary pencil. 


Extraordinary. 


Remarks, &c. 

43® 55* 1 34® 37' Pink Very pale blue green , Tints beyond 

45 0 133 43 Bluish green . Pink the poles. 

46 0 132 45 Rich pink | beautiful green 

132 0 I Whitish 'Dull purple 

46 58 I SI 37 Splendid green | Rich crimson 

131 0 Blue. , Yellow 

47 53 ISO 45 Crimson. Fine green 

I Yellow, inclining to orange' Blue 
I Yellow I Purple 

48 51 129 30 .Blue green .Rich crimson 

iBlue jOrange 

128 .58 ! Purple iPale yellow 

! Rich crimson red jPale green or greenish white' 

I Fine orange Light blue ' 

I Pale orange yellow Dark blue 

50 58 127 45 i White jSombre and very narrow, 

I purple 

Bluish white | Scarlet of fiery red 

Light blue lOrange 

Sombre greenish blue ! Ruddy white, or very pale! 

j orange ‘ 

42 0 126 50 jDirty and very sombre 

i purple i\5’lute 

Sombre and narrow pinkish 

I red iMIiite 

Very pale violet or pinkish 

I white ....ICrecnish white 

1 White I Dirty bluish green | 

58 1 125 47 I White Narrow and very sombre! 

violet purple. Virtual poles 

1 25 30 I White slightly yellowish . . ! \'iolet p, p \ or points 

125 0 , Pale and dirty olive green. I Violet white of coincidence 

Very narrow violet White 

54 8 124 30 j Blue, very sombre and nar-' 

I row j White slightly ytUovinsh 

I Light blue Pale yellow 

Bluish or greenish white . .'indifferent purplish pink 

5.5 25 123 30 | ^’^ellowish white ; Sombre and narrow pin pie 

i j Light yellow j Dark blue 

jDull orange pink ! Pale greenish blue 

56 33 1122 15 ; Sombre purple 'Pale yellow green 

Blue i Yellow 

57 30 Pale green iFine pink verging to crimson! 

57 50 121 0 I Pale yellow j Purple j 

58 15 120 15 I Light yellowish pink iGreenish blue iThepolesPP* 


Rich pink IRuish green 

iW 12 119 35 Pale purple *(rreeni»h white 


! Slue green 


! Tints between 
ithe axes. 


60 45 118 20 White | Very pale purple 

in 40 Pink. Blue green 

62 0 IJ7 5 Pale purple Whitish 

62 58 116 25 Greenish blue .... . Pink 

63 25 115 35 White Dull purple 

64 28 114 47 Pink Huish.jreen 

65 40 I IS 20 Gredrish blue Pink 

67 30 1 1 1 30 Pink Pale greenish blue 

69 15 110 0 Pale greenish blue. Pale pink 


Pale greenish blue. 
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In this plate, the virtual poles correspond very nearly to the 
second minimum of the extraordinary pencil beyond the poles 
P P', The same plate was now reduced by grinding to the 
thickness 0’0881(j inch. In this operation, care was taken to 
grind away the side of iiie plate most distant from the eye only, 
leaving the other perfectly untouched and unimpaired in its 
polish. The plate being reduced to exact parallelism by the 
spheerometer was again examined, the same side still remaining 
next the eye. By this arrangement, the same angles of emer- 
gence from the posterior surface correspond rigorously to the 
same directions of the ray in the interior of the crystal, with 
respect to the axes of its molecules ; and thus we avoid com- 
pletely any errors which might arise from using plates cut at 
different angles, it being almost impossible to cut two plates 
precisely alike in this respect. 


Table 11. — Sulphate of Barpta. Thickness = 0*08816 in. 


(’•orrejiponding 

inclinations. 

Ordinary pcnciL 

Extraordinary. 

Remadks,&c. 

AS® O' 

120° 0' 

Pink, verging to orange 





ycUow. 

Blue, somewhat greenish . . 

Poles for the 



Vellow 

Dark blue 

mean red rays 

57 30 

120 47 

Pale yellow 

Punile 



Greenish white 

Pink 

Tints beyond 



Light blue 

Vellow, verging to orange 

the poles. 



Dark blue 

Bright yellow 

55 57 

122 15 

Sombre purple 

Vellow white 



Very indifferent sombre 

j 



pink 

Bluish white 



Pale yellow 

Dark indigo blue I 

54 5 

124 0 

White 

Sombre violet I 



Wry pale violet white .... 

Dusky greenish yellow 1 

5^ 57 

125 33 

Very sombre violet, almost 

1 



black 

Pure brilliant white 

Virtual polls 



Sombre and dirty oli\e 




green 

W liite, rather ruddy 



Very pale blue 

Orange white 



W’hite 

Sombre orange or brick red 

51 SO 

127 0 

White 

Narrow pur|de 



Orange white 

Blue 



Bright orange 

l*ale blue t 



Bright scarlet 

Bluish white j 



Narrow crimson . 

White 1 

50 0 

128 so 

Purple 

White 




Blue 

Vellow 




Bluish white 

Bich crimson 


48 40 

130 0 

Yellowish or greenish white 

Purple 




Orange yellow 

Bright blue 


47 35 

ISI 10 

Rich crimson 

(irrecn 


47 10 

131 28 

Purple 

Good yellow 




Bright blue. 

Pink yellow 


46 7 

132 S3 

Oo^ green 

Rich pink or crimson 


45 3 

133 45 

Rich pink 

Splendid, green 


44 SB 

134 30 

Greenish purple. . 

Pinkish white 


4S 35 

135 15 

Good green, but pale 

Fine pink 


42 23 

136 SO 

Pinki^ 

Greenish blue ' 


40 55 

T38 0 

1 Pale bluish green 

Pale pink 


39 30 

139 50 

Pale pink 

Very pale greenish blue 
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In this plate the virtual poles correspond to the second maxi- 
mum of the extraordinary pencil. It is needless to detail the 
tints between the poles. The same plate once more reduced 
with the same precaution to leave the posterior surface un- 
touched, developed the following serie'o of colours beyond the 
poles. 

Tablk III . — Sulphate (f Bari/la. Thlckin’ss = 0'0j758 in. 


C-orresponding 

inclinations. 


Ordinary pencil. 


Extraordinary. Remarks, ^c. 


60o.57M12S°50 ’ Fine yellow Indigo 

60 20 1 1 2'J 27 I Rale yellow Purple 

1 White, inclining to ycll()w. Dull crimson red. . . < 

Rluish white ‘ Dull orange 

I Indigo 'Yellow 

j 7 55 126 3 I Sombre purple ^M»ite 

57 50 1126 7 iSombre reddish \iolet .... White 

57 20 1 126 33 I Dirty violet yellow White 

1 1 27 30 : Pale yellow \ iolct white 

55 40 ,128 2 . White Nnnhre violet 

55 33 1 1 28 20 j Pure brilliant white I Hack. . 

i 1 28 30 , White .Sombre din y green 

' Pale orange ! Pale dirty bluish green 

53 40 1.30 10 Sombre orange or brick red’ White 
53 27 130 30 Sombre and nanow purpk ‘^\hite* 

' Blue Ruddy white 

Pale blue JOrangc 

! Bluish white Orange red 

132 20 ^^hitc Narrow crimson 

51 .3 132 40 ‘ Pale yellow, tVc. ^.c. ... ilhirple, (Nc. Ac, 


Poles, for the 
mean red rayi 
Tints beyond 
t .e ptilcs 


V'irtual poles 


Here the virtual poles p, p' correspond precisely to the first 
minimum of the extraordinary pencil. 

In a plate of Rochelle salt, cut nearly, but not (pute perpendi- 
cular to the optic axis, and whose thickness was ()• 19442.’) in. 
the rings beyond the poles were almost entirely obliterated, 
while those between them exhibited the following singular suc- 
cession of colours, which will show to what an extent the devia- 
tion from Newton’s scale is carried in this substance. 
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Table IV . — RocheJle Salt, perpendicular to the. Optic Axis, 
Thickness = 0*194426 in. 


Corresponding Ordinary ncncil. 

inclinations. r 

Extraordinary. 

Remarks, &c. 

20l»30'i.‘L%oj0'!White 

. White. 

Poles PP' for 

•201 JO 

Exceeding pale blue 

. [Exceeding pale pink 

[red rays 

;i09 0 

Exceeding jiale pink 

, 1 Exceeding pale blue 

210 30 

V ery pale blue 

. 1 V cry pale pink 


212 30 

\'ery pale pink 

V cry pale blue 


213 20 i 

V ery pale blue 

. Very pale pink 


21.1 23 

Pale pink 

. *ale blue green 


216 10 

Pale blue 

'*aleycUow pink 


218 0} 

Pink 

. 1 Blue green 


219 19* 

' Pale blue ... 

. Pale yellow pink 


220 .jH' 

Pink 

, (irccnish blue 



White 

. Very pale purple 


222 SOI 

lilue 

, ' V'eHow pink 


223 43' 

309 30 Vcllowisb pink 

, (Jreenish blue 


224 30 >308 13 i*alc greenish blue 

. I^'ellowish pink 


1 

Blue 

. Pale pinkish yellow 


226 10 307 0 Pale pink 

, Pale greenish blue 


1 

306 10 Pale yellow 

Dark blue 



White 

, l*ale purple 


227 23! 

JJhush or greenish wliite.. 

[Very pale violet pink 


228 30 ‘ 

Blue 

Very pale yellow 


{ 

Violet almost imperceptible White 

Virtual |)oleS 

229 3 

30-1 10 Pure white 

Pure white 

i 

Exceeding pale yellow. . . 

\ little violet 

P' 

229 30, 

jiPalc yellow' 

V ery narrow dark blue 


i 

Very pale tawny t»range,. 

ilue, sombre, and pale 


231 20 >302 20 Pine purplish crimson .... 
, , V ery pale purple 

Pale ytdlow green 

VMute 


232 25! 

Very pale green 

, tine crimson 


I 

White 

Pale purple 


234 0 299 20 Splendid crimson 

1 Pale purple 

, Very pale green 
, White 


235 40! 

i V cry pale green 

, Rich crimson 


j 

White 

Pale purple 


236 23; 

296 13 Rich crimson 

Very pale green 


1 

j 

Pale purjde 

, W^hite 


238 50 

294 35 Pale blue green 

tootl pink, almost crimson 



.White 

V ery pale purple 


240 12 292 .55 Jrink, ratlicrpale 

1 .White 

Pale greenish blue 
. White 


242 I0:29l 30 , Pale blue 

, Pale yellowish pink 


243 40|289 50 Pale pink yellow 

. Pale blue 


245 10 j 

287 45 ,Vcry pole blue 

. Very pale yellow 


246 50 

286 45 Very pale yellow green. . 

. V ery pale lilac blue 


248 23 

284 55 Pale lUac 

1 White 

. V'ellow green 
. White 


250 

282 30 iFinc yellow green 

i White 

. Fine lUac 
. White 


252 

280 12 LUac 

White 

. Fine yellow green 
. White 


256 

277 25 Fine yeUow green 

White 

. Fine lilac 

White 


259 

274 40 Pale lilac 

. Fine yeUow green 


261 

271 40 White 

. White 

[The middU 
Itint 

266 

266 40 iOreen yeUow 

. Palelilac 
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In order, however, to avoid the effect of the dispersive power, 
which, at suclf considerable obliquities, would render the obser- 
vations liable to some uncertainty, I cut another plate in such a 
manner that the perpendicular to its surface, instead of coincid- 
ing nearly with the optic axis, was directed very nearly to one o. 
the virtual poles. Its ihickness was th^‘n gradually reduced in 
the manner above described for sulphate of baryta, though, 
owing to the nature of the body, it was found imp ossible to 
avoid the necessity of re-polishing the posterior surface at each 
operation ; but as this was done with all possible care, only u 
very slight error can have arisen from this cause. 


Tabu: V". — Rochelle Sail, Thickaess = 0*11518///. 


Inclina- 

tions. 


Ordinary pencil. 


Extraordinary. 


Remarks, &c. 


277® 8' Very pale pink iVery pale bluish green. 


261 8 
261 0 
260 25 
259 45 

258 50 
258 30 
257 35 


256 30 


255 10 
254 30 


252 30 

250 27 

248 5 
245 45 
243 30 

240 25 

237 30 
2S7 0 
234 20 
230 10 

225 45 

220 40 

211 40 
m 90 


I White, tinged with orange Very fine intense indigo 
j Yellowish or greenish white Purple, ratlier sombre 
j\'ery pale greenish blue . . Indifferent puiydish pink 

DuU blue Yellowish pink white 

Fine deep indigo j White inclining to orange 

Violet purple ! Yellowish white 

! \S hite, a little tinged with! 

j violet 'White, not very brilliant . 

Y'elluwish white . . ..... .jPaJe violet blue 


1* for 
jmean red rays 
.jPerpendicu- 
jlar incidence 


I Pale yellow’ jSonibrc indigo, inclining to violet. 

I I narrow, and well defined j 

I Pale pink yellow .|8onibrc violet white 

i Pinkish purple | V er>' pale greenish ycUow 

i Rich sombre purple, some-j 

I what fiery " bite, tinged with greenish ycllowj 

j Pale green Fine crimson 

lExtremely pale green .... The richest deep damask crimson 

'U hite Livid imperfect purple 

jl he richest damask crinisonjFine pale green 

Livid imperfect purple {White 

Pale bluish green | Fine rich crimson 

Pink, approaching to red. . , Pale blue peen 

|Sky blue iLight pink, strongly inctining to 

I I orange red 

fink orange {Pale greenish blue 

Sky blue, inclining to lilac . Fine yellow 


{The virtual 

ijMvle p 


Fine |Hnk, a little purple 
Lilac 

[Splendid green 
Rich lilac 
White 


Pale bluish green 
Splendid yellow green . , . 

Rich lilac 

Splendid green 

White 

Lilac blue jSplendid yellow green 

White White 

iplendid green ydlow . . . Pale lilac blue 

White White 

Pale lilac Pak greeniab fallow 

Fine yeUow green Fineulac 
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Here tlie virtual pole was coincident with the fifth maximum 
(or thereabouts) of the extraordinary ray from the pole P ; the 
succession of tints, however, unless close to the virtual pole, is 
omitted, in order to shorten the table. 

Table VI . — Rochelle Saif. Thickiiess = 0*08557 in. 

Ordinary pencil. Extraordinary. Remarks, Ac. 

Good light pink | Eight blue green Pole P for 

Imean red 
Perpendicu- 

\’cry pale yellow green .... 1 Bluish purple |lar incidence 

V ery pale yellow green . . . i \''iolct 

Very pule bluish green . . ,i Very light pink, o pinkish white 

Indigo jVery pale yellow almost white 

Pale violet 'Very pale yellow 

\V’'hite j VV hite, perfectly equal and alike . . Virtual pole 

Very pale greenish yellow ‘Pale lilac 

Pale greenish yellow | Sombre lilac purple 

Palo pinkish yellow Dull and impure bhic 

Pale pink jPalc yellow green 

285 15 (Crimson. Vellow green 

28.‘i 45 Rich fiery damask crimson Very pale yellow green 

Livid imperfect purple. . . . Very pale pink yellow” 

287 50 Fine light green. Fine pink 

288 45 Very pale green Splendid crimson 

(i<K>d crimson Blue green 

291 40 Crimson, almost 8curlet,&c. Pale blue green, &c. 

Ill this plate the virtual pole fell about half way between the 
fourth iiiaxiniiJin and the fifth minimum of the extraordinary ray 
from the apparent pole P for the mean red rays. When once 
more ground down, it gave as follows : 

Table VII . — Rochelle Salt. Thickness = P*05437 in. 


Inclina- 

tionH. 

2620 0 ' 

278 0 

278 20 
278 55 
280 0 1 

! 

281 .SO j 

282 ,s:> 1 


Inclina* ’ 
tiona. I 

262025 '! 


Ordinary pencil. 


Extraordinarj”. 


I Remarks, &c. 


lar incidflbce 


tpine pink Fine light blue green Pole P for 

jlndifferent purple Vellowish white mean red rays 

Indifferent lilac pink Very pale greenish yellow i 

Pale yellow', inclining to 

orange Blue, rather pale Perpendicu- 

Fine p^e yellow Beautihil sobre indigo lar incidflboi 

Vcllowiah white, or pale 

yellow V iolet 

^V^ite White, with an almost imperceptible 

tinge between yellow ifid violet. . Virtual yok 

Very pale blue • Yellow white 

.Sombre indigo Pale yellow white 

jVery pale blue Extremely pale pink white 

YdJow green Lilac pink 


Pale yeUow green 1)^ lilac pink 

Greenish white • Rich, but sombre purplish dimson 

White Dull purple 

Very pale pink Good blue green 

Deep fiery crimson .*jWhite 

Very dull purple (grenlah) White 

Blue • • • Pink ydlow 

" Ac. ^Rlili 


msiiSifi 
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III. On the Causes of these Phenomena. 

The developemeiit of colour along the axis of double refrac- 
tion is at first sight analogous to the production of the secondary 
tints along the axis of rock crystal, discovered by M. Arago, and 
recently explained by M. Biot, in a mast?rly memoir communi- 
cated to the Academy of Sciences, on the hypothesis of a force 
inherent in its molecules independent of their state of aggrega- 
tion, by which they communicate a rotation in an invariable 
direction to the axes of polarisation of the luminous rays. And 
this analogy is partially supported by the fact, that the tint deve- 
loped along the axis descends in the scale of colour as the 
thickness increases. 

A more scrupulous examination, however, will show, that its 
origin must not he sought in any cause of this nature, for (not to 
mention the impossibility of explaining the jdienoinena of the 
virtual poles by this hypothesis) if we place the principal section 
of the crystal in tlie azimuth zero, the extraordinary image will 
be found to vanisli completely for every angle of incidence, and 
whatever be the thickness of the jdate. I may add too that I 
have in my possession a crystal of (piartz, which exhibits with 
tolerable distinctness in some parts the j>henomena of two axes, 
and the appearances produced by the interference of the secon- 
dary tints in this specimen ; while they agree completely with 
M. Biot’s explanation, differ entirely from those which form the 
subject of this paper. 

Neither are the phenomena above described explicable on any 
supposition of a peculiar action of the crystal on the differently 
coloured rays, analogous to its ordinary or extraordinary disper- 
sive power, by which the periods of alternate polarisation of the 
molecules of some colours, should be lengthened, and of others 
contracted, so as to disturb that exact proportionality to their 
periods of easy reflection and transmission, ^vhich M. Biot has 
proved to be a necessary condition for the production of the 
tints of Newton’s scale. It is true, such laws of action may be 
imagined, and I shall presently show must really exist ; in all 
crystals probably to a small extent, but in two instances at least, 
to a surprising degree. But this alone will avail ns nothing. To 
show this, and at the same time obtain a general analytical 
expression for the tint developed at any inclination, and for 
every hypothesis of the action of the crystal on the differently 
coloured molecules, let us denote by c the length of a complete 
period of easy transmission and reflection, or the extent of one 
pulse, on the undulatory hypothesis in vacuo, and at a perpendi- 
cular incidence for any homogeneous ray, and let C aenote its 
colour and proportional intensity, or illuminating power, in the 
prismatic spectrum. Then will the formula representing a beam 
of white limt intromitted into the crystal, be 
, C + C' + C" + &c. 
from one end of the spectrum to the other* 
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Let n be the number of periods (each consisting of a double 
alternation) and parts of a period performed by the elementary 
pencil C, in its passage through the medium : then, according to 
the theory of M. Biot, when n is 0, 1, 2, 3, &c. ad inf. the pencil 
will wholly pass into Wie ordinary image ; but when the values 
of n are itN will wholly * be thrown into the extraor* 

dinary one, and in the intermediate states of n, partly into one, 
and partly into the other. These conditions are satisfied if we 
represent by sin.‘^ (;/ tt) the intensity of the ray in the ordinary 
image, taking unity for its original intensity ; and it will, 1 
believe, be found, that the gradation of intensity given by this 
formula for the intermediate values of //, will agree sufficiently 
wdth the judgment of the eye to warrant its adoption.+ The part 
of the elementary pencil C then, which enters into the extraor- 
dinary image, will he C. sin.-(w tt). Let us denote by S {C. sin." 
(;/ tt) \ the aggregate of all such elements from one extremity of 
the spectrum to the other, or take 

S|C. sin.' (;/ 7r){ = C. sin." (« tt) + C'. sin." (w't) -f 8vc. 

Then will this expression represent the tint developed in the 
extraordinary image, and, consequently, S ^C. cos." (n t)} that 
in the ordinary one. 

Now, //, the number of periods performed depends, first, on 
the nature ol tlie ray, or (m r; secondly, on the intrinsic energy 
of the action of the medium on that ray ; and thirdly, on tne 
direction of its course, the thickness of the plate, and whatever 
oth(‘r cause or limit of periodicity may happen to prevail. 
Hence we may take ;/ = M x A*, k being a function of c, de- 
pendent only on the nature oi‘ the body through which the ray 
C passes, and H being a certain multiplier whose form wc 'shall 
consider presently. I'his substitution made, the expression for 
the tint becomes S C. sin. «(M A*, tt)} 

fii the theory of the Newtonian colours of thin plates and the 
polarised rings in. crystals with one axis, the multiplier M is 
independent on r, varying only with the direction of the ray and 
the thickness of the plate. It is, therefore, the same for all the 
coloured rays, and the tint, for any value of M, will be 

* The aniplititde. or total extent, of each oscillation of the plane of polarisation is 
here supijosed 90^, in winch case the contrast of colour in the two pencils is at its maxi- 
mum. This is tlie case in the situation we are considering, but in general the intensity 
of the extraordinary ray> instead of being represented by sin.® n ?r, will have an addi- 
tional factor, a function of the azimuth A of tlic principal section of the crystalliaed 
plate and the position of the refracted ray, and which becomes unity when A = 43^, 
and the plane of incidence is that of tlie principal section. It is on iliis factor that the 
gradation of hn^hfurss in the isochroniatic lines, and the black cross or hyperbolic 
branches which intersect them, depend. But it is not my intendon at present to enter 
on this part t»f the subject, for reasons to be explained further on. 

No part of our subsequent reasoning depends on the^/?>r«# of this function. It is 
sufficient to know that it must be a periodical, and even function of ». It is only in the 
computation of numerical values that it is necessary to malft any more precise aa- 
sumption.^ 

New Series, vol. i. 
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C.sin/’(M kii) + C'. k' %) + &c. (a) 

Now, suppose M to begin from zero, and to pass, by a varia- 
tion either in the direction of the ray or thickness of the medium, 
or both, through all gradations of value, to infinity, or to its 
maximum, if not susceptible of infinite increase : then we see that 
for every value of a certain peculiar tint will arise, and that, 
provided M commence at ze ro and continue increasing, the same 
succession of tints will invariably be developed in the same order. 
Consequently, it we fix upon any two tints in this scale of colour, 
or any two values of M, the same succession and the same num- 
ber of alternations of colour must iiuaiiably intervene between 
them, however we pass from one to the other. 

In a crystal with tw o or more axes, the value of M for any ray 
C must of course be zero in the direction of the axis, and, there- 
fore, if the same supposition of the independence of M on c be 
made, the same conclusions should follow ; namely, first, that 
the extraordinary ray must always Aanisli in the pole, whatever 
be the thickness of the ])late ; and, secondly, that the same suc- 
cession and number of alternalious of colour should intervene 
between the pole and any assigned unecphvocal tint, such as 
black, or the pure brilliant green of the third order of Newton’s 
scale. Both these conclusions arc totally at \ariance with the 
facts above detailed, as to the dev elopement of colour in the 
poles, and the situation in the order of‘ the rings of what w e have 
called the virtual poles. Hence we are necessitated either to 
give up the theory of alternate polarisation altogether, or to 
admit the dependence of the multiplier M on c, or on the nature 
of the ray. Let us see to what this w ill load us. 

According to the theory of the polarised rings, if extended to 
crystals with two axes, the number of* periods performed in a 
given space (~ 1) by a molecule of a given colour, transmitted 
in a direction making angles 5, b', with the axes, can only be a 
function of the form /;, 4^ (b, b')j k depending on the intensity of 
the polarising force ; or, as before, being a function of c, the 
nature of the ray, and of the intrinsic energy of the molecules of 
the crystal. Now if w'e call t the thickness of the plate, and ^ 

the angle of refraction, is the length of the path described, 

and, therefore, we must have for the number of periods 

»o that the value of M must be - which must be a func- 

COJI. ^ ' 

tion of c. Now / is obviously independent of it ; and if we neg- 
lect at present the very trifling effect at moderate incidences of 
the ordinary dispersive powers of the media examined,* is so also. 

* It ti my to see thft ia the two classes of crystals above deacribed, the effects oC 
the dispersive powers will be opposite to each other, in one opposing, and in the othee. 
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It is, therefore, in the form of the function 4 ^ (5, d') that we must 
look for the cause of the phenomena; and since, we have 5' = 
-f 2 r/, 2 a being tlie angle between the axes (because the 
observations are made in the principal section) we see that 
(9, 0 + 2 a) must ir^^volve r, and consequently, 9 being arbi- 
trary and independent,// must be a function of c, in order theu 
to reader the theory of alternations applicable, we must admit 
the angle between the axes of double refraction to difier in the 
same crystal for the differently coloured rays. We must now 
show that this supposition is sufficient to represent the pheno- 
mena correctly. 

Tlie symmetry of the rings and total evanescence of colour in 
the principal section at an azimuth zero, requires that the axes 
of all the different colours shall be symmetrically arranged, on 
either side (d‘ a fixed line (which may be called the optic axis) 
in this plane, or in one perpendicular to it. At present we need 
only consider tlie former case. Let a represent the angular dis- 
tance of the axis for any one standard species of ray C (the 
extreme red, lor instance) from this line, a 4- 6' //, the same 
distance for any other ray. Then the distance of the transmitted 
ray C, ifom the axes of rays of that colour being 9, 9\ the corre- 
sponding distances from their respective axes for rays of any 
other colour C' emerging in the same direction will be 6 — ^ a 
4- 3^ ^ and d' 4- ^ 4- d o ^ being the difference (= — (p) 

of the angles of refraction, corresponding to the same incidence, 
for the colours The positive values of 9 here reckon 

outwards from the pole ; 3* a is negative for crystals of the second 
class, and ^ p is negative or positive according as C or C' is the 
less refrangible colour. 

Let us for a moment consider rays of only these two colours. 
The portion of the extraordinary pencil due to them will be 

■ (c-^ 'f' (« - 8 0 + » 

4 - 6 « 4" S f) • “Jr)* 

The rays of these colours of the same order in their respective 
series of rings, will, therefore, coincide, and that in the proper 
degree of proportional intensity for the production of a white 
image, provided we suppose 

^ O == — 3* 4- B fl 4- J ^) ; (i) 

cog. (p COB. 

which, since /c, k\ //, 8 «f, are constant elements, determi- 
nate functions of 9, and d' = d 4- 2 /i, suffices to determine 9, 

If we suppose C and C to represent the extreme red aind* 
violet rays, it is evident that the coincidence of the extraordi- 

conspiring with tiie causes which produce the deviation of tints. In the tabl^ Noi. V, 
yi, VII, where the virtual poles were observed almost at a pcrpandicular incidoiifle, 
influence of the dispersive power is quite insensible. 

I 2 
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nary pencils of the same order for these two extremes, will ensure 
that of the intermediate ones, at least very nearly. It would do 
so precisely, were the value of I a for any intermediate ray, such 
a function of k as would result from making B constant in the 
preceding equation, because the two law% that of the dispersion 
of the axes, and that of the magnitude of the rings of different 
colours, would then act in exact opposition to each other 
throughout their whole extent. It is in fact a case precisely 
analogous to that of the compound achromatic prism, where, if 
the law of dispersion in the one medium were identical with that 
in the other, a perfectly colourless pencil would emerge, and 
when these laws differ, the coincidence of the red and violet 
rays ensures an ap])roximate coincidence of all the rest. Should 
these laws, however, differ very considerably, an uncorrected 
colour will appear at the point so determined, and a nearer 
approximation will he obtained by uniting two of the more 
powerful intf'rmediate rays, such as, for instance, the mean red 
and the blue, or limit of llie green and blue. 

This then is the origin of the virtual poles or points beyond 
or between the axes where the tint rises to a white of t!ie first 
order, more or less feeble, or even to an absolutes black ; and 
we may now see the reason why the tints, in reckoning from 
these points, approximate in a general way to the Xew tonian 
scale. In fact, the periods of the more refrangible rays being 
performed more rapidly than those of the less, it we suppose tht‘ 
coincidence above spoken of to lake place at any point (the 
minimum for instance) of the nth ring, tlu^ intervals between 
the ?/th and (// ± l)th mininiiun will be greatest for the red, and 
least for the violet, Ikc. Consequently, when the \iol(;t next 
disappears totally from the extraordinary pencil, there will 
remain yet a little of the red, le^^ of the orange, and so on, and 
this difference increasing at every succeeding minimum on either 
side, will jjroduce a succession of colours approximating in a 
general way to Xiewton’s scale. This approximatiim will, how- 
ever, be much less close on the side of the virtual pole towards 
the nearest axis, because the disturbing influence of the separa- 
tion of the axes on the figure of the rings and the law of‘ their 
successive intervals, is much more sensible than at a distance 
from the pole. This will be evident if w e consider that in the 
interval between the extreme coloured axes, the tints will be 
regulated entirely by the law of their distribution. Noiv this is 
perfectly corroborated by the succession of tints in llie foregoing 
tables, as well as by numerous experiments made on otlier 
bodies. 


{To he contained,) 




2*=^*-*^*^ ir" C" i ^s 
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ANNUAL RESULTS. 

« 

Itaroiiieler. 

Inches. 

Highest obsei V a .Ian. S). Mind, N.E .‘10*900 

Lowest ditto. Oct. 17. Wind, S 28*0,30 

Range of tlie lutMviny 2*850 

Mean aimnal barometrical pressure 2!)*G47 

Greatest range of llie uiercury in Jan. (in nine days) , . 2 ()(j0 

Least ditto, ditto, in Dectnnher 0*850 

Mean annual raoiio of ditto 1*505 

Spaces describeci by ditto S0*‘i5l) 

Total number of changes in the year IfiO’OOO 

Sir's Tlicrmmeier. 

Greatest observations, June 20 and 27. Wind X. and 

var 85*000*" 

Least ditto, Jan. 1. Wind, W 7*000 

Range of the mercury in the thennoineter 78*(jOO 

Mean annual temperature ‘-Ki'flUO 

Greatest range in June 45*000 

Least ditto in November 2.>*000 

Mean annual ditto .‘)4*;):>8 

Winds, 

Days. 

North and East G./OOO 

North-east and South-east 00*000 

South and West !)‘]*()0() 

South-west and North-west 121*000 

Variable 21*000 

Haitiy 

Inches. 

Greatest quantity in May 4’2.50 

Least ditto in September 1'630 

Total amount for the year 29' 430 
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Article XF. 

OhsctTalions on Mr. lierkins’s Accoiinl of the Conniressibilihi of 
Water. By V. M. Rogol, Ml). PRS. &c. 

(To the Editor of the Annals of P/iilosoph)/.) 

DEAR SIR, JivruanUainri.^ ItintscUstqnare^ Jan, 25, 1821. 

On reading tlie account which Mr. Perkins has lately ^^iven 
in the Philosophical Transactions,'*' othis very interesting^ expe- 
riments on the compressibility of water, from which he has 
deduc.ed a result differing: widely from that of Mr. Canton ; and 
being desirous of ascertaining the exact quantity by which they 
differed, I was induced to calculate the degree of compression 
which was produced by the piezometer in tlie first experiment, 
from the data furnished iiy Mr. Perkins, and was thus led to the 
discovery of a very material error which he has committed iuhig 
computation. Jti' states tin* compression affected by a pressure 
of 100 atmospheres to be abuui one per cent‘s'' whereas the 

real amount of the compression was, in fact, only or a 

Utile los than one-half per cent, as may easily be verified by any 
one who will be at the troubh* of <going tiiroiigh the calculation. 
It is remarkabhi that lhi^ amended result agrees very nearly with 
that of Canton. l'hir> vmU be best e^ilu:ed by computing the 
heights of tlie modulus of elasticity of water, in the two cases, 
according to Dr. Young's nictliod. As deduced from (’antoiYs 
exp<3riments, the height of the modulus is 750,000 feet;t w:hile 
those of Mr. Perkins, when correctly computed, wmuld show it 
to he 740,2(i0 feet --the difference being less than one-hundredth 
of the w'holi'. So near an agreement, in experiments conducted 
by diii'erimt methods, is very satisfactory, and bears the stronger 
testimony in favour of the accuracy of those of Mr. Perkins, in 
as much as lie was himself not aware of that agreement. It is 
much to be wished tliat this gentleman, to wdioiu science and 
the arts are already much indebted, will persevere in the prose- 
cution of his interesting inquiry, by the aid of the ingenious 
apparatus he has invented, and from which the discovery of 
many curious and important facts may be expected. 

1 am, dear Sir, most truly yours, 

P. M. Roget. 


For 1820, Part 11. p. 324. f Young’a Lectures on Natural Philosophy, i. 278. 
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Article XII. 

Description of a new Substance foifnd in Ironstone, 

By the Rev. J. J. Conybfeare. 

(To the Editor of the Annals of Philosophy,) 

MY DEAR SIR, Baih Jan. 17, 1821. 

During a visit to South Wales in the course of last summer, 
a substance, found in the ironstone of Mezthyr Tydfil, was put 
into my hands for examination. It appears to me to differ from 
all the varieties of bituminous matter hitherto discovered, suffi- 
ciently to form a separate species. Should my opinion be 
correct, I would propose that it should be distinguished by the 
name of Hatchetincy in reference to the eminent chemist, to 
whom we are indebted for the most valuable contributions 
towards the history and analysis of this class of natural sub- 
stances. I remain, Sir, 

ith much esteem, yours sincerely, 

J. J. Con YBEARE, 


The colour varies from yellowish-white to wax and greenish- 
yellow. 

The texture is sometimes flaky (like that of spermaceti), 
sometimes subgranular, like that of bees^ wax. 

The lustre is, in the flaky variety, slightly gli.stening and pearly; 
in the other dull. 

The transparency is in the flaky (especially in thin laminae) con- 
siderable : other specimens are opaque. 

It is very soft, not harder than soft tallow. 

It has no elasticity, and no odour. 

It is very fusible ; melts when placed in warm water under 

170 ".^ 

It is very light. 

The only analogous substances to which llatchetine might 
be compared are petroleum and elastic bitumen. From the 
former, it differs in its consolidation ; from both, in the greater 
part of its external character, and in its want of smell. It melts 
under 170 °, whereas thin bitumen does not melt even in boiling 
water. Like elastic bitumen, it is readily soluble in ether ; and 
each solution, by spontaneous evaporation, leaves a viscid oily 
matter in separate drops, but that from Hatchetine is still inodo- 
rous ; while that from elastic bituraQii retains strongly the pecu- 
liar smell of that substance. Hatchetine distilled over the naked 
flame of a spirit-lamp assumes the bituminous smell, and gives 
over a butyraceous substance of a greenish-yellow, coaly matter 
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remaining in the retort"*^ ; at a lower heat, it gives over a light oil. 
I have no means of ascertaining its ultimate c6nstituents ; but 
have little doubt that the above characters are sufficient to 
authorize our considering it as distinct from petroleum, asphalt, 
and elastic bitumen, l^ie only three species (with the exception 
of retinasphalt, which occurs under very different geognostic 
relations, and appears to be the result of a very different natural 
process) into which substances of this class have hitherto been 
divided by mineralogists. 

The Hatchetine is found filling small contemporaneous veins 
lined with calcareous spar and small rock crystals (termed the 
Mezthyr diamonds) in the ironstone. 


Article XIII. 

Elect ro-rnaguetic Eiperi meHis . 

(To the Editor of the Annals of Philosophy/.) 

SIR, Cambridge^ Jan, 22, 1821. 

If, as 1 imagine, the following electro-magnetic experiments 
are new, you will oblige me by inserting them in the next number 
of the AnnaU of Philosophy/, 

A weight was suspended from a small horse-shoe magnet ; on 
connecting the north pole of the magnet with the copper side of 
a pair of galvanic plates, the weight was attracted more strongly ; 
on reversing the wires, icfell. 

A small magnetic bar being placed in the galvanic circuit, its 
south pole being in connexion with the positive end of the bat- 
tery, the magnetism was destroyed in half a minute. 

A connecting wire, 1-1 5th of an inch diameter, being placed 
horizontally in the plane of the magnetic meridian, over a com- 
pass, the deviation of the needle was between 80® and 90® ; in 
Oersted’s experiments, it is stated to be about 45®. 

On using a smaller wire, the deviation was diminished ; and 
when the diameter of the w ire was l-200th inch, it was less 
than 20®. 

This diminution of the deviation took place whether the small 
wire were immediately over the compass, or interposed in any 
other part of the circuit. 

When the connexion was made at the same time by the two 
above-mentioned wires, the smaller being three inches long, the 
longer five feet, the needle of a compass placed under the smaller 
deviated about 10® ; that of another under the larger deviated 

• ElMtic bitumen, nt the same hent, gpvet over a yell^iah oil perfectly fluid. 
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‘80®. On removing the larger wire, the deviation under the 
smaller increased, &c. 

When the circuit was made by a glass tube filled w^ith mer- 
cury, the deviation was the same as with a wire of the same 
thickness ; but on removing the uiercurv\ and coating the tube 
with silver leaf, the deviation was not more than betw^eeii 
and 10°. 

The electro-magnetic influence w'as not diminished by raising* 
the connecting wire to a rod lieat; but on interrupting the circuit 
by water, it was destroyed, though the connecting wire placed 
immediately over the compass decomposed w ater at each end. 

If the connecting wire w*ere bent alternately from N.to S. and 
from S. to N. the magnetic needle devialt d to the W. oi the IV. 
ill all the former, and to the M, of N. in all the latter h(‘ndings, 
wdiatever were their number, and in whatever part of the wire 
they were placed. 

\Vheu the connecting w’ire was made to pas^i from N. to S. 
over the needle, and from S. to IV. under it, the electro-magnetic 
influence was doubled. 

A single pair of rather large plates was found, as in Oor>ted’s 
experiments, to be more eflicacious than a number of platos with 
the usual arrangement ; but when wires trom all the 7inc ])lates 
were connected on one side, and from all th(^ copjier platis, on 
the other, the electro-magnetic influeiu'e increased willi llie mmi- 
ber of plates. 

It was found that the relative quantitie^s of galvanism generat<Kl 
indifferent experiments might be estimated with great re'adiuess 
and accuracy by using a graduated slide carrying that connecting 
wire over a fixed compass with a standard deviation, 

I am, Sir, respectfully yours, J. C. 


Article XIV. 

Analvsks of Books. 

Untersuchungeii uber den Magnetisrmfn dvr Erde. Von Christo- 
pher Ilausteen, Professor der Angewandten Mathematik an 
den Norwegischen IJniversitat. Christiania, 1819. 

Jtesearcbes on the Magnetism the Earth, By Professor Han- 
steen, of Christiania. 1 vol, 4to. 660 pages. 

I HAVE just received a copy of the first volume of this cele- 
brated work, which I have l^en very anxious to see. I am 
unwilling to peruse it till I recover the Atlas, which ought to 
have accompanied it, and which has been unfortunately lost on 
the way between Christiania and London ; but I cannot avoid 
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immediately annoimcinjj* it to the public, and pointing out the 
importance of publishing it in an English translation. I shall 
take a future opportunity of giving a detailed account of it to 
the readers of the Annals of Philosopfn/, At present I shall 
merely give the titles ^f the great divi.sioiis of the work, and add 
some important facts *and corrections which Professor Hansteen 
has pointed out to me in a letter, dated Christiania, Nov. 21, 
1820. 

After an introduction of 14 pages. Prof. Hansteen treats of, 

1. Halley's lines and of their motion between 1600 and 1800. 

2. or the lines of inclination, and of the magnetic intensity. 

3. The number, ])osilion, and periodalgy ration of the magnetic 
poles round the pain of the earth. 6. C’alculatioii of Halley’s 
lines from th(j first iinperfect theory of Euler, o. Mathematical 
theory matinctisin. f). Application of the theory of magne- 
tism to tin* the(U'v of the magiictical declination, inclination, and 
intensity, in a given plac(‘, whose geographical position is known. 
7. A moie accurate determination of the position of the niagne- 
tical a\e‘s, tlieir size and relative intensities. 8. Of the daily 
variation of the needle. The whole terminates with very ample 
tables of the declination and dip in various parts of the earth. 

Prof. Hansteen reqm sts me to inform the public that his 
seventh (diart, siiowmg t!ie dip of th<‘ magnetic needle, is eiTO- 
neous, ];ecause, ulien projecting it, he was unacquainted with 
tlie original oli^erv ations made in the course of a voyage to the 
Northern Pacific Ocean by Capt. Cook and Mr. William Bayley. 
Led astray by some observations of Krusensterii, he was induced 
in the corrections and additions to his work, p. 21, 22, to con- 
tradict M. Biot, who insists, in his Traite de Physique, tom. iii. 
p. 131, that the liue^ cif no dip (magnetic equator) cuts the equa- 
tor of tile earth three or four times. But,” continues Prof. 
Hansteen, “ Biot is in the right, and tlie accompanying cor- 
rected chart shows the dipping lines in the Pacific in their right 
form. Your mentioning in your Annals, in a few words, that I 
myself acknowledge my error, will be conferring a particular 
obligation on me.” 

On observing the oscillations of a raagnetical steel cylinder, 
suspended by a silk-worm thread in a small box wdtli glass 
openings, I have made the curious discovery that the luagneti- 
cal intensity of the earth has a daily and annual variation. By 
a chronometer of Arnold’s, I observe five times every day, at 
stated hours, the time required for completing 300 vibrations ^ 
and these observations I have already continued for nearly a 
year. From early in the morning, the intensity is on the 
decrease until between 10 and 11 o’clock in the forenoon, when 
it has reached its rainipium. From this time it increases, at 
first slowly, afterwards more rapidly, till it reaches the maxima 
at four oxiock afternoon in tne winter, <.and between six and 
eight in the summer. At times it does not reach this maximum 
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till about ten in the evening. In the winter, the intensity is 
much stronger than in summer. The greatest intensity appears 
to happen in the month of January; the least happened this 
year (1820) on the 13th of July. The daily variations are much 
greater in summer than in winter. • 

“ Great irregularities occur at times, especially on those days, 
when the moon passes the equator, or on tlie quarter days of the 
moon. Similar great changes I have observed during the equi- 
noxes. The influence of the mrihern lightSy as already observed 
by Mr. Humboldt, is very remarkable, and frequently it does not 
regain its former strength till after the lapse of 24 hours." 

I have likewise found in the same manner that every per- 
pendicular object, of whatever materials ; for instance, a tree, 
the wall of a house, See. has a magnetic north pole at the foot, 
and a south pole at the top." — T. T. 

An Essai/ on Chemical Anali/siSf chiejli/ translated from the 
Fourth Volume of the last Edition of the Traitv de Chimie 
Elenunlaire of L, J, Thenardy with AdditionSy comprehending 
the latest Discoveries and Improvements in this Branch of the 
Science, With Plates, By John George Children, FUSL* 
and E. FAS.&c. &.c. 

Chemical analysis, owing to the great number of simple sub- 
stances with which the science has been enriched, and the con- 
sequent increase of compounds, is now rendered a vsubject of 
considerable difficulty and complexity. These have, however, 
in many instances, been fortunately diminished by the discovery 
of the doctrine of definite proportions, which the chemist may 
now avail himself of in proof of the justice of his views, and the 
correctness of his analyses. It must, however, at the sanu' time be 
admitted, that this discovery, vast as its importance is, is liable 
to be, and probably has been, misused by some who have deter- 
mined what the composition of a body ought to be, rather by a 
comparison of numbers than by the slow and tedious process of 
analysis. It is, however, to be remarked that the doctrine of 
definite proportions, although it may be called in to prove the 
correctness of an analysis, ought never to supply the place of 
one — I do not mean that it is not allowable to form conjectures 
as to the composition of bodies by the aid of the atomic theory; 
I only mean that these conjectures should not be stated as facta 
to be absolutely relied on. 

Mr. Children has stated so clearly the motive which induced 
him to undertake the present work, that I shall give his own 
words on the occasion ; ‘‘ On reading the fourth volume of 
M. Thenard’s Traitc de Chimie Eletnentaire, Theorique et 
Pratique, which treats exclusively of chemical analysis, and in 
a manner much inorS satisfactory and complete than any ojhet 
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work I had before met with, it struck me that if translated into 
our language, it could not fail to be of great utilitsy to the English 
chemist.’’ Mr. Children then observes, that to the first edition 
of the author he had added the valuable matter contained in 
the second edition, which appeared while the translation was 
proceeding. 

Mr. Children was,** I think, judicious in the choice of the 
author whom he selected, for giving to the English chemist a 
more full account of the ininutitn of analysis, than had ever 
apj>eared in our own language. 

Those parts of the work which depended merely upon the trans- 
lator, it is hardly requisite to state have been accurately per- 
fornietl by Mr. Children ; but it would he doing him great injus- 
tice not to mention, that much new and valuable information, not 
to be found in the original work, has been added : in saying this, 
I do not mean mert'ly that such notices have been collected as are 
within the leach of every one who inspects the various sources 
of chemical knowledge ; hut on several occasions Mr. Children 
has given us the results of his own experiments and observaiions, 
and whicii, i tliink, cannot fail to be useful. Tl»e directions for 
the ns(i ()i‘the blow-pipe, and the appearance which certain sub- 
stances present after its action, form a very excellent part of the 
appendix ; and Mr. C’hildrcn sJiows, by the attention which he 
has paid to the subject, that he has duly appreciated the value of 
Bergniaifs remarks upon the blow-pipe, with which he very 
aptly concludes his remarks on this useful instrument. 

(in tlu‘ subjects of the analyses of vegeta])le and animal sub- 
stances, a concise but clear account of the proximate principles 
of vegetable bodies has been introduced. It is, however, to be 
observed, that by an oversitrht, the very widely diil'used and. 
valuable vegetable product tannin has been totally omitted, nor 
is its combination with gelatine and albumen mentioned. 

Cii the subject of the atomic theory, IMr. Children justly 
remarks, ‘‘ that in the great progress which chemistry has made 
within a few years, one of its most important steps towards per- 
fection as a science, is the establishment of the atomic theory.” 
A knowledge of the principles upon which it is founded, afibrd- 
ing, he observes, to the practical analyst an easy and almost in- 
fallible test of the accuracy of his experiments. 

Mr. Children then gives a sketch of the atomic theory, which 
will afford the young chemist much useful information on thia 
curious and highly interesting topic. It may be, perliaps, out of 
place here, but 1 cannot help remarking, the difference which 
exists among chemical philosophers as to the numbers by which 
they represent hydrogen and oxygen ; for it will be found that 
they differ considerably both in quantity and proportion. Thus 
Mr. Dalton represents bj^^drogen by 1 ; and oxygen by 7. Sir 
H. Davy, hydrogen, 2, and oxygen, 15. Dr. Heniy, hydro- 
gen,^ 1, and oxygen, 7*6. Mr. Brande agjfees with Dr. Henry 
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Dr. Wollaston represents hydrogen by !• 32, and oxygen by 10. 
Dr. Thomson, hydrogen, 0*125, and oxygen, 1. It is much to 
be regretted that these variations should exist : they })roduce the 
ill edect of appearing to render a subject difficult which is easy 
of explanation, by merely stating, as Mr, Children has done, that 
whatever portion we take of a compound' mass, it must con- 
tain a certain number of atoms of each substance ; and although 
we know nothing of their actual number, still we obtain ])y ana- 
lygis the proportion that the atoms of one kind bears to those of 
the other ; or, supposing the compound to contain an equal 
ivumber of each, the proportionate weights of the atoms tliem- 
aelves.” 

On the subject of the analysis of mineral waters, Mr. Children 
has added much to the original work of M. llieuaid. He has 
particularly noticed the opinions of ihc late Dr. Murray, to the 
ingenuity of whose views on this subject, as well as on every 
other, I wish (however useless) to add my assent. J ctnifess, how- 
ever, for reasons w'hich 1 shall take aiiotlun* opportunity oi' stating, 
that I do not accede to the correctness of his views when sup- 
posing that those salts which exist in a mineral water aie such 
as result from the union of those acids and bases as form tlie 
most soluble compounds. Whate\er I may advance on this 
subject, 1 am nev^ertheless of opinion that the results obtained 
by Dr. Murray in his analysis of sea water, show that the mode 
which he employed was generally correct; uud^Mr. I'lnldren 
has judiciously inserted it. 

In the Appendix, Mr. Children has given Dr. Marcel's method 
of detecting the presence of arsenic, observing ** that the 
unhappy frequency with which arsenic has been employed for 
the most nefarious purposes, renders an infallible mode of 
detecting its presence, when in x'ery miniite (juantilif, a great 
desideratum in medical jurisprudence.'' “It has been objected,'' 
says Mr, Children, “ to this test, that if a phosphate be present, 
its indications are ambiguous; for the colour of phosphate of 
silver is not much unlike that of arsenite of silver. An expe- 
rienced eye, however, will readily distinguish between them ; the 
latter being of a brighter yellow' than the former,'' I must con- 
fess that this ambiguity is to me an insuperable objedion to 
what is termed the silver test. 1 have seen precipitates occa- 
sioned by the phosphoric and arsenious acids so similar in 
colour that I could not distinguish any difference, and much less 
any variation which would be a sufficient guide for deciding 
on the solemn and unhappy occasions in which evidence is 
required. It is, however, but proper to add, that Dr. Marcet 
no longer depends upon the evidence afforded by colour of the 
precipitate of arsenite of silver, unless it be corroborated by 
other appearances* • 

^ The best method that I know of," says Mr. Children, "is to 
pass a current of su!|>huretted hydrogen gas into a suspected 
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solution, when, if arsenious acid be present, it will occasion the 
appearance of a line lemoiiii-yellow colour through the liquid, but 
will have no action on phosphate of silver. That si^stance, 
however, may prevent the yellow colour from appearing, although 
arsenious acid be actually contained in the solution; but the 
addition of a very lew Urops of very dilute pure nitric acid wiU 
immediately produce it. If, therefore, both the silver test and 
the sulphuretted hydrogen concur in indicating the presence of 
the poison, no reasonable doubt can be entertained respecting 
it ; but it is certainly an additional satisfaction to reduce a por- 
tion to the metallic state, or at least to sublime the oxide so as 
to rendiir its peculiar all)aceous odour distinctly evident, where 
enough can be [)rocur(.‘d for the purpose, though that cannot 
often be expected.” 

1 hluill offer one (jr two observations upon this statement, and 
1 trust Mr. <C}iildren will believe that I do not object upon what 
appears to me frivolous grounds. In the first place, 1 think it 
niort' convenient to employ a solution of sulphuretted hydrogen 
in w'ater than to j)ass the gas through the suspected solution ; 
the same effects are pioduced, and to pass gas through so small 
a fjiuiutity of fiuid as it is somel lines necessary to operate upon, 
increase's tlie diliiculty, hut not the certainty of the process. It 
should be observed that no hydrosnlphuret in solution should be 
employed instead of the mere gas; and the arsenious acid should 
be dissolved simply in water without the aid of any alkali ; for 
this, if* I rimiember rightly, interferes with the action of the sul- 
phuretted hydrogen. 

With respect to the employment of a nitric acid, in case phos- 
plioric salts be present, I entertain considerable cloubt. Xitric 
acid decomposes sulphuretted hydrogen, precipitating the sul- 
])hur, which may interfere with the process if the acid be em- 
ployed in excess. 

( .'hildren states that he finds that sulphuretted hydrogen 
gives a decided yellow' colour to an ounce measure of distilled 
water, containing one drop of a saturated solution of arsenious 
acid, equal to yIttIIi of a grain of the solid acid, or about 
of the whole weight of the solution. Two or three drops of 
phosphate of soda prevented its action, but a little very dilute 
acetic acid immediately produced the yellow colour. Mr. Chil- 
dren properly observes that the acetic acid ought to be pure, 
and not such as has been distilled through a metallic worm. 

It a|.)pears from this statement that the power of sulphuretted 
h^rogen as a test of arsenic is very great. It is singular that 
phosphate of soda should prevent its action ; and 1 would sub* 
mit, whether this very circumstance cannot be taken advantage 
of ^ an additional proof of the presence of arsenic. 

Ill a work of this nature^ embracing so many and such vaned 
points of the science, it is not to be wondered at that some few 
inaccuracies should appear. As an example* of these, 1 woulpi 
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mention thsit Mr. Children does not seem to have, in all cases, 
clearly distin^ished between chlorides and dry muriates, and 
the compounds of muriatic gas : thus, in p. 229, we are told that 
100 parts of hydrochloric acid saturate 102 of lime. This must 
be wtiat was formerly called dry muriatic acid — a substance of 
which Mr. Children will not admit the existence ; but it will be 
observ'ed in other cases, especially in the" note at the bottom of 
this page, that Mr. Children evidently refers to hydrochloric acid, 
as a compound of hydrogen and chlorine. I confess I see no 
advantage in using the term bari/a instead of baiyfa, or even 
barytes ; and if the term hydroc/tlorir acid is to be admitted, 1 
cannot conceive on what grounds lu/drosutphuric acidiov sulphu- 
retted hydrogen is to be rejected. 

1 had intended to have made various other references to the 
useful additions contained in the Ap[)Lndix ; but I have already 
extended this article to so great a length that I must conclude 
with observing, that this rvork contains in a moderate compass 
w^hat can scarcely be found without numerous references to a 
variety of chemical authorities ; and I strongly recommend it as 
worthy of the contidence and study of the young analyst. — Ed. 


Note by the Editor. — In the last number of the Annals^ some 
errors occurred in the analysis of tlu‘ Edinburgh Pharmacopoeia. 

In mentioning the Oiidum llydrargyn Cinereumy the quan- 
tity of lime contained in the lime-water is much overrated. 
Under common circumstances, the quantity directed by the 
College cannot be considered as too large. 

Page til, line 10 from the bottom, for 42 read 32. 

2 from the bottom, for one-ninth part read oue- 
ihird part. 


Article XV. 

Proceedings of Philosophical Societies. 

nOYAl. SOCIKTY. 

In the last number of the Aw??r//5, the address of Sir Humphry 
Davy, on taking the chair as President, was given with a degree 
of brevity so little suited to the occasion, that I am happy to be 
able now to give more at length the heads of his discourse. 

The President commenced his address by rejjeating his thanks 
to the Fellows of the Royal Society for the distingui^ed honour 
which they had done him by placing him in the chair. He 
stated his entire devotion to the cause of science, and assured 
the Society that hif feelings were deep, and would be permanent. 
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Sir H. Davy then proceeded to point out the difficulties which 
attended the pursuits of philosophers at an early period, and 
hence existed the necessity of placing in the rooms of the Royaf 
Society a collection of such machines as were useful*in the pro- 
gress of experimented knowledge. From the improvements 
which had been made in mechanical and chemical arts, he 
observed there were now but few occasions in which individuals 
could not conduct tliei'r experiments in their own laboratories ; 
he expressed a hope, how ever, that on occasions of importance, 
and w hich might incur great expense, the proposers would not 
fail to recur to the Society. 

The President then observed, that, owing to the progress of 
science, various associations had been formed for its advance- 
ment since the period when the lioyal Society stood alone, and 
he expressed a hope that it would always preserve the most 
amicable relations with these new Societies ; and that when any 
new facts of importance w ere observed by them, they would not 
fail to communicate them to the lioyal, as tlie parent Society, 
wdiose records, he observed, contain ail that was valuable 
from the time of our early philosophers. He disclaimed, how- 
ever, all w'ish on the part of the Royal Society to exercise any 
authority over the more recent associations, whose objects 
were similar. 

After some further remarks on the inexhaustibility of the sub- 
jects of scientific pursuit, he observed that philosophers, like the 
early cultivators in a great new continent, in proportion as they 
clear the country, discover more and more the vastness of the 
surrounding w ilds. As the chart of a new country is essential in 
guiding the traveller, so, he continued, might die aspects and 
characters of new objects be useful to scientific investigation ; 
and with this view the President offered some observations 
respecting those difficult departments of inquiry which appeared 
most capable of improvement. The pure mathematics, as a work 
of intellectual combination, are, he conceived, incapable of receiv- 
ing aid from external phenomena; he considered them, how- 
ever, at the present moment as promising new applications, 
observing that many departments of philosophical inquiry, to 
which the mathematics were formerly inapplicable, are now 
.brought under its dominion. 

After the discovery of the Georgium Sidus there appeared but 
little probability that new planetary bodies should be discovered 
nearer to our earth than any of tnose already known ; yet this 
supposition, the President observed, had been found erroneous, 
owing to our limited conceptions of nature. The discovery of 
bodies smaller than satellites, but having the motions of primary 
planets, has opened new views of the arrangement of the solar 
system. • 

Sir H. Davy then, alluding to astronomy, as the most ancient 
Neui Series, vol. i. k 
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and perfect of the sciences, pointed out, as subjects for investi- 
gation, the nature of the systems of the fixed stars, their changes, 
the relations of cometary bodies to the sun, and the motions 
of those meteors which throw down showers of stones ; for 
in a system, he observed, in which all iif harmony, even these 
must be governed by fixed laws, and intended for definite 
purposes. 

The great question of universal gravitation, audits connexion 
with the figure of the earth, tht^ President observed, had been 
long solved. By tlie mechanical refinements of a Fellow of the 
Society, new means had been dev ised of estimating the force of 
gravity with exactitude. Sir H. Davy stated the desire which he 
knew was entertained by the Koyal Academy of Sci(‘nces at 
Paris to connect their labtuirs with those (gained on by the com- 
mand of (he Board of Ordnance in Britain : should (his take 
place, there would then be established, he observed, on 
the highest authority, an admeasurement of 1-lSth of the 
wdiole circumference of tlie earth — a great record for jiostcrit y, 
and an honour to our own times. 

As connected with the subject of the figure of the earth, Sir 
H. Davy referred to the late voyage to the Arctic regions, w'hich, 
he observed, presented hopes of greater discoveries ; and he 
made honourable mention of those by whom the expedition was 
planned and executed — an expedition which lie characterized as 
worthy of the greatest maritime nation in the world. 

The discoveries of Huygens, Newton, and Wollaston, in the 
theory of light and vision, were stated to have been followed by 
those of Malus. The President then alluded to the subject of the 
polarization of light, and the labours of othm’ eminent philoso- 
phers ; and expressed an opinion that this discovery would 
establish a new connexion between mechanical and chemical 
philosophy. 

The subject of heat as connected with that of light was 
remarked as having lately afforded a rich harvest of discf>very. 
The applications of the doctrine of heat to the atomic or corpus- 
cular philosophy of chemistry w^ere represented by the President 
as abounding in new views ; and he noticed several facts which 
seemed to point to some general law on the subject: 1. The 
apparent equable motion of radiant matter, or light and heat, 
through space. 2. The equable expansion of all elastic fluids 
by equal increments of temperature. 3. The contraction or 
expansion of gases by chemical changes, in some direct ratio to 
their original volume. 4. The circumstance that the elementary 

E articles of all bodies appear to possess the same quantity of 

eat» 

The wonderful electrical instrument of Volta had done more, 
it was remarked, for the obscure parts of physics and chemistry, 
than the microsc€J>e for natural history, or even the telescope 
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for astronomy. Sir II. Davy then alluded to the plectro^niagne- 
tic experiuieiits of Oersted, and the award of the Copleian medal 
to that philosopher. 

Th(! subject of chemistry next claimed the attention of the . 
President; and he jus^y remarked, that to point out ail the 
objects worthy of inquiy^ in this branch of science would require 
many sittings oftlie Society. Among the more important desi- 
derata, were mentioned the knowledge oi‘ the nature of the com- 
binations of the principle of the tiuor spar, and the metal ii/atiou 
of ammonia, together with the connexion between mechanical 
and chemical phenomena in the action of voltaic electricity. 
Sir II. Daw then congratulated the Society on the rapid advances 
made in tiu' theory of detinile proportions, since it was first 
advanced in a distinct iorin by the nurenuity of Mr. Dalton, and 
he stated the promise which it afiiirds of solving the recondite 
changes in the particles of mat ter, by laws depending upon their 
weigiit, number, and figure. .As connected with definite propor- 
tions, the i rystailr/ations, or regular forms of inorganic matter, 
w'ere next noticed, and were ob.^erved to depend upon the motion 
of tile e()mbmations of elementary particles, to which the laws 
of ele(',trical polarity and the polarisation of liglit seemed to have 
relation. Alluding to the difficulty of framing an hypothesis to 
account for the origin of the primary arrangements of the crystal- 
line matter of the globe, Sir 11. Daw stated tlie two principal 
facts which jireseiit aiiafiigies on the subject : One, that the form 
of the earth IS that which would result, supposing it to have been 
originally fluid ; and tin* other, tliat in lavas, masses decidedly 
of Igneous origin, cry>talliiie substances similar to those belong- 
ing to the primary rocks, arc found in abundance. 

The President then noticed the regular gradations which occur 
in the jihenoiueua of nature, from the motions of the great 
masses of the heavenly bodies, to the imperceptible changes 
which produce the phenomena of crystallization ; and when this 
ends, the series of animated nature governed by a distinct set of 
laW'S, begins ; and as important objects of investigation, the 
functions and operations of organized beings were pointed out ; 
as, fur instance, those refined chemical processes by which the 
death and decay oi‘ one species afibrd nourishment for another 
and higher order; by which the water and inert matter of the 
soil mid the atmosphere are converted into delicately organized 
structures, filled with life and beauty. 

In vegetable physiology, the motion of the sap, the functions 
of the leaves, and the nature of the organs of assimilation, were 
mentioned as phenomena still remaining for investigation ; and 
in animal physiology, the subjects were stated to be still more 
varied, obscure, and of a higher order; and a hope was expressed 
by the President, that the philosophers of the schools of Grewe 
and Hunter would not cease their efforts for theMmprovement of 

k2 
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these brancliec of science, the first of great utility to agriculture, 
and the latter, to medicine. 

Sir H. Davy then expressed his conviction that the spirit of 
philosophy, awakened by the great masters, Bacon and Newton, 
would guide the future proceedings of 6he Fellows of the Royal 
Society. The sober and cautious method of inductive reasonings 
of these great philosophers, he described as the germ of truth and 
of permanency in all the sciences ; and he trusted that those 
who wen' so fortunate as to kindle the light of new discoveries 
would use them, nut for the purpose of dazzling the organs of 
intellectual vision, but ratlier to enlighten, by showing objects in 
their true form and colours. 

A hope was also expressed by the President, that our jdiiloso- 
phers will attach no undue importance to hypothesf's, treating 
them rather as parts of the scaftblding of the building of science 
than as belonging to its foundations, materials, or ornaments ; 
that they will look where it isposNible, to practical apj)lications 
in science, without forgetting the dignity of their pursuit, the 
noblest end of which is to exalt the poweis of the liuman mind, 
B-nd to increase the sphere of iiiUlle« luul enjoyment, by enlarg- 
ing our vicA^s of nature, and of the power, uisdom, and goodness, 
of the author of nature. 

After alluding to the right wliich the Royal Society had to 
expect proofs of the zeal of those ineiuhers in promoting its pro- 
gress who had not yet contributed to it; and after stating that 
the Society would always consider the success of past, as pledges 
of future contributions, the President concluded a brief but 
luminous and impressive review^ of the present state of the 
sciences, with observing, For my>^elf, I can only say that I 
shall be most happy to give, in any way, assistance, either by 
advice, or experiments, in promoting the progress of discovery. 
And though your good opinion has, as it were, honoured me 
with a rank similar to that of a General, 1 shall be always happy 
to act as a private soldier in the ranks of science.” 

Let us then labour together,” said the President, ‘‘ and 
steadily endeavour to gain what are, perhaps, the noblest objects 
of ambition — conquests in the field ol’ natural knowledge ; acqui- 
sitions which may be useful to our fellow creatures. Let it not 
be said that at a period when our empire was at the highest pitch 
of greatness, the sciences began to d'edine : let us rather hope 
th at posterity will find in our records proofs that we w ere not 
Tiiiworthy of the times in which wx lived.” 

Jan. 18. — A paper of Dr. Davy’s was read, giving an account 
of his inquiries relative to the urinary organs, and secretion of 
tw o species of rana common in Ceylon : from which it appears, 
first, that the bladder of the bull^frog and brown toad (the two 
species in question) is a genuine receptacle of urine, which it 
receives from fhe cfoaca, in which the ureters terminate ; and 
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secondly, that their nriiie is not at all analooous to that of other 
animals of tlie order amphibia, beintj^ very dilute, containing urea 
"and certain salts, but no appreciable quantity of lithic acid. 
This peculiarity of urine, so well adapted to tlie size and struc- 
ture of (he bladder, is the* more remarkable, as the favourite food 
of these animals is th« same as that of small lizards, whose 
urine is of a butvraceous consii>tence, and nearly pure lithic 
acid. Hence, and from other facts mentioned by the author, he 
adduces the conclusion tliat tlie nature of urine, in everv instance, 
d(‘|)en(ls nincli more on the peculiar action and structure of the 
secreting' organs than on peculiarities of diet, or of the circulat- 
ing iiuitls. 

At liu‘ sanu‘ meeting, a paper, by Capt. Kater, was read, 
entithul ‘‘ An Ac'cuunt of the C.'onqiarison of various ilntisli 
Standards of lanear .Measure. " 

Jan.'2 ~). — The n'lidiiig of the Hakeriau lecture, by Captain 
Kater, (he ibrm and the kinds <>f steel most proper to be em- 
})Ioy('d in making magnetic needles, vras commenced. 

At lii(‘ sam(‘ meeting was iv.ul, “ An Account of a Alicro- 
ineter marie of Hock Cia.stal,” by C. Dolloiid, FRS. 

The impro\ t'lncnt coma^ts in making a sphere of rock crystal, 
and aj>plymg it in the [>iace of the usual eye <glass ofa telescope, 
and {r()m ns natmal (loubl(‘ refra(‘ting ])roperty rendering it use- 
ful as a nncromeler. 

A. — A jiaja'ron tin* Cie(»logy ol the North-eastern Border 
of Ih-m ,:i], by il. T, C'ol. j;r(u>k«', INq. \ F( IS. &c. was rtfud. 

Tim Ibahnu'jmtra in or, u Iii'di unites its .streamwith the Gaiuges 
at a shnrt rl; s;aiic^‘ t'o'm thfir (‘nmmon junction with the sea, atter 
a hmgcom’M* m ll.n l:;inaia\a, pas^r^s tlirough tht‘ mountains of 
Aslam, am! issiu .N into the plain at tin' iiorlh-east corner of Ben- 
gal. At licit position Is a liill at .logigopiia, uhich is comicc'tod 
wnli tile Kliotiin m amtains, and w Inch camsisls chictly of a large 
hemispherical mass ni'gneiss liavmg strata, or rather masses, of 
gramte on the north-cJislern ami western sides. 

On tin* ('pp(;site or southern hank of the river is the hill of 
Jhignalatli, which aKo apjx'ars to be composed of gneiss, tlm 
masses numing Irom N.lk to ?S.Vv'. at an angle of 4A^. 

At Civalpara, a lew miles to the east of Paglauath, granite is 
found. 

1"he sanu! rocks occur again at Dhabui, a low hill, |i»artly 
co\ered witli alluvial soil, near tlie conlluence of the Gadadhar. 
Blocks of primitive greenstone are also met with here in various, 
parts of the bank of the river. At the confluence of the Kelanke 
river, wdiicli issues from the Garo hills, a little lower down is a 
precipitous bank, exhibiting graphic granite, and gneiss. 

In the bed of the river, blocks of compact felspar, primitive 
greenstone, and quartz, united with felspar and hornblende, are 
found. 
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On the lefUbank of the Brahmoputra and the Caribari hills, 
or clittis, which, for aconsiderable extent, consist [generally of slate- 
clay, horizontally disposed, with a stratum of yellow' (or more 
properly green) sand lying above it, indurated at the bottom in 
some places, and accompanied with ‘ferruginous concretions. 
In many places, a stratum of clay is foi-iid resting on tin' green 
sand; and over it, tlie bank is coiiqiosed of white or red sand 
mixed with gravel. 

In diriereut parts of the clitf, coarse-graiiu'd sainlstoiie, (day 
ironstone concn'lions, nodules of slate clay and fossil wood have 
been found. In a b<'d of organic remains, situatcal under a small 
liill o.n the did’, about seven feet h(do\N tiie h\(d cd’tln* highest 
liood of the rner, and IbO I’l el above the level </f the* sea, with 
layers of clav alxue and Ix'inuith, and rc'sting ujuui alttuaiate 
strata of sand and day, a \ariety of fossiK Inne been found, 
resembling in diaraeteis tho>(‘ whieh iiave lu'en discovered in 
similar strata in tin* l.ondoii and Buns basins. 

On the hanks of the ln‘sta where it issues from the (lliotaii 
mountains to descend into North ih iigal, the ro(‘ks an‘ ibuiul to 
consist jiriiicipaliy of saiidstoiK*, eontammg miudi nu(‘a. h’erru- 
ginons siiudsloiu* was Ibund in out* jilai'e, and wood coal in 
•diiother, wliert' the sandstone comjiris(*s largt? pel/hles. The 
banks of the ^Mibeck, another river which descends fnnn the 
Khotaii inuuntaiiis, jiresent similar strata. 


^Article XVI. 

SCIENTinC INTr.lJ.Kir.Nt K, AM) NOIK IUS OI Si n.llATS 
(’o^ N i:(' I i:i) Vv 1 I ii sf’iLMi:. 

I. Cfjj^friflizntioii of Rtd Oxiiic of ('upper ip Jlcut, 

Mr. (dienevix, hi liis analysis of tlie erseniate of co})per and oi‘ iron 
(Phil, 'i'rans. iSOl ), has reinaiki d, that hy t x pot-lug oxido, ii\drate, or 
ciirhoscite of cojijier, without addition, to a vioie.it heat, in an o}>eii 
crue'ibk , he frc(]ucntlv obtained the reil oxiihc of copper, pre.senting 
all the properties oi* ihi.-H specios of ore. On one oc(;asion, he 
lluit the Nvell-expcrienced e} e of the ('ount de Bournon recognized a 
Jump (d’it to be a mass of semi J’used artificial red copper ore. 

Some time siiici' I cxjiosed a cjuantity of protoxide of copper to 
heat and air in an iron vessel with the intention of converting it into 
peroxide; I accidentally observed that the characters of the red oxide 
of copper w ere even more distinctly marked tlum they appear to have 
been in the mass obtained by Mr. t'henevix. 

The bottom of the mass is in the fomi of that of the vessel in wdiich 
the copper was burned — a ])ortion of a sphere. 

I'he mass consists bf layers of pure copper, and of the red oxide. 
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alternating, but not with apparent regularity. The pure copper and 
red oxide are sometimes intermixed in the same layer. 

I'he red oxide is distinctly, though minutely, crystallized in the form 
of the primary octohedron, and of the cube, and in intermediate 
varieties. 

'riu; pure copper is al^o in extremely small and brilliant crystals, but 
so minute that I can note perceive their forms by the help even of the 
strongest glass. 

The greater part of the surface of the mass is tinged of a green 
colour : portions of it are vitreou^ and transparent. The green 
colour is found, by the assistance of a strong gla^s, to be owing to tlie 
presence of fibrous ci^stals \\hich are tran.sluct nt, but too minute for 
the determination of their form. Tliey have greatly the colour and 
appearance of the phosphate of lead. — Kd. 

II. of 'J'lvo i\nv Mineral tiub^tance^^ found hy Dr. Mac- 

culloch in Runt and Mull. 

“ The last mineral substance,^’ says Dr. Macculloch, “ wdiich re- 
mains to be enumerated, being hitherto undescribed, it is necessary 
to enter into a minuter detail respecting it. Many years have passed 
since I discovered it both here (Hum) and in Fife; and the description 
has b(‘cn liitherto delayed in hopes of finding larger specimens, better 
adapted for elucidating its history. These hopes have been hitherto 
disappointed, and 1 must therefore give it, however imperfect ; in 
liopes that other mineralogists wnll hereafter supply the deficiencies. 
When recently* broken it is of a green colour; varying from the trans- 
]>arent yellow green of the finest olivin (or chrysolite) which it some- 
tirm's resembles so as to be undistinguishable, to tlie dull muddy" green 
of steatite, to which in this case it bears an equal resemblance. In a 
few hours after being taken from its repository, or exposed to the air, 
it turns darker, and shortly becomes black ; a change which also occurs 
within the rock at the dejith of an inch or more from the surface. In 
this case, the transparent variety' puts on the external aspect w'ith the 
lustre of jet ; while the opake one preserves its dull surface, and more 
nearly resembles black chalk. Notwithstanding this change, the 
mineral when in small fragments still continues to transmit light. The 
first variety remains jierfectly translucent, and presents in some spe- 
cimens the fine brown orange of cinnamon stone, in others a rich bottle 
or olive green. The other appears also of an olive green, but it is not 
more translucent than ore of the same thickness. Wlicn powdered, 
the one is of a snuffy brow^n, the other of a dirty olive. The structure 
of the first variety is generally conchoidal, that of the second is com- 
monly intermediate between the conchoidal ami granular. It is so 
soft as to be scratched by a quill, and is brittle ; easily breaking into 
minute irregular fragments. The specific gravity is 2-020. With 
respect to its chemical habits, it remains unchanged before the blow- 
pipe ; neither cracking nor sensibly altering its colour or transluccncy. 
it is apparently as refractory as quartz ; a remarkable circumstance, 
when the quantity of iron in it is considered. It is acted on by muriatic 
acid, giving indications of a considerable proportion of iron, with a 
little alumina; but the principal constituent appears to be silica. There 
are no traces of lime or of manganese. The teery minute quantity I 
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possessed for examination, prevents any more accurate detail of its 
composition. 

“ It is found imbedded in tlie ainygdaloids of the cliffs of Scuir more, 
the base being either a basalt, or a black indurated elaystone. The 
nodules are generally round, and vary from the size of a radish seed 
to that of a pea or upwards. Occasionally they arc oblong and com- 
pressed, and sometimes scale off in concentilc crusts. In a few in- 
stances they are hollow within, the interior surface having a blistered 
aspect; or else the cavity of the amygdaloid is covered with the sub- 
stance in a form resembling that of an exudation. More rarel}’ still 
the nodule is compounded, containing a spherule of calcareous spar 
ivithin an investing cru.-L of the mineral. When long e\pose<l to the 
air, it decomposes in the form of a rusty jmwder, which is thus occa- 
sionally found idling those cavities that are visible on the surfaee of 
the fragments in which it is found. The variety from i'iie dirll (rom 
that of Hum, in being ie^s regular in form, and less frecjuentl^ riuiiul, 
wliile it is (■oininoiily aKo of a larger size. ITtnai the most eharaeU- 
ristic quaJity ol’ this mineral, the term ehloroplaeite may ht‘ conve- 
niently adopted for di^tinguishing it.^’ Dr. Mnceulloch ad(h, tliat he 
Jias since seen this mineral l)r()Ught from Iceland hy Major 1\ ter.’son. 
(Western i.dands, vol. i. p. 501*.) 


“ In rc\ ieu ing some of tlie amygdaloid^- collec ted in Mull, I disco- 
vered a non-di scri[it substance intermixed w itli some prelmiie, l)i»t too 
small ill quantity for ( xarnination. Jbning since found tlu‘ sanu* mi- 
neral in greater abundance in (ilen Targ, I shall give tlie be.^t de'mrip- 
tion of It 1 am enabled to do IVom tlicse specimen.^, as I cannot now 
assign the exact ioeaiit> of the former. It ha> hitherto e^eepid the 
observation of mine ralogi'ts, and the description, howcwor ii.qurleet, 
will therefore be ('f us.*, l)y directing their attention toward- it, ami 
thus ])r(jhably asee»-'aining its existence in other places. Its external 
cliaractc'rs are \ ry In litv'd, ^i:lce it comi.'-ts of a ]oo,->c' wletc- powder, 
somewhat c >a .-er tiae* silieu as it i^ cdilained frofn llu' siiuMted alka- 
lies, grittv luaw'ei.i the teetli. Iml not no hard as to seratch gLa*. 

it diic.N i.ot eXerve.'Ce V, ith acid*-, ami before* the hlow-plpe.il 
melts immediate iy into a transpaivet e'oloiirle-s bead, wjib appjrtnitly 
the same iaciiity as j. ’ass. it w. ceMaiu'^, at lea>t nu-re fusiblr than 
dathoiite, 1 have not been able, frcmi its condition, to diUrmine its 
specific gravity. On attempting to tmaly/.e the \ei v minute (juantity 
that cuuid lie . paixci for that purpose, it was found to eonsi.st princi- 
pally of tiiiea, A small (luantity of liim* was taken up by muriatic 
acid, Imt its fusibility wa^ not deslrened by that treatment. \Mien 
treated, Iue.,evcr, in a .'-imilar manner by suipluiriv; acid, the fu>ibility 
was destroyed. No allmli was found in it, nor any boracic acid, nor 
any traces of metallic matter. It is not easy tberelbiv to aciamnt for 
its great fusiliiiity, unlc.-s it sliould contain the new alkali. In this 
uncertain . tale must its chemical composition remain, until otlier spe- 
cimens are procured to admit of a repetition of tliese experiments on 
a more extensive scale. It i.s found filling irregular cavities in the 
amygdaloid of tiie valley above-mentioned, so well known to mineral- 
ogists ; w'hcre it is accompanied by analcune, inesoty]>e, prehnite and 
tailcareous spar, Tl^ue is no appearance of decomposition in the 
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accompanying minerals, and I may add that the specimens in question 
were broken from a fresh rock in which tliey were (feeply imbedded. 
The preceding characters seem to distinguish it for the present from 
all the mineral substances hitherto described ; and the term conite 
appears well adapted for it, as being expressive of its most conspicuous 
feature. • 

“ On this substance 1 ^hall only remark as I recently did on treating 
of lUiin, that it is preferable to erect a species, though it should after- 
wards prove a variety of some known substance, than to neglect the 
obscure characters which minerals often present. It is to greater 
accuracy of researcli and of knowledge that we arc indebted to the 
recent rapid augmentation of the list of minerals.’’ (Vol. i. p. 578.) 

III. PiodhCiion (J' All Ifu'ial Cold, 

Wlien on Ben More in Mull, about S097 fet t high, Dr, Maccullocli 
made the following observation. — On this mountain I was accident- 
ally led to ob.serve the degree of cold produced by the mixture of ice 
and alcohol. A storm of luiil had fallen, accompanied by a tempera- 
ture below freezing. Some wliiskey. tlie usual appendage of a liigh- 
land vietieum, being producial, I was obligi d to dilute it by putting 
soiiu* hail into tlu‘ cuj). In an instant the metal was covered with ice, 
and frozen to tiu* glass: on trial, the quick.''ilver in the thermometer 
Mink into the bull). On repealing the e:;periment afterwards with 
common aleoind, the cold was found to amoui.t to -19^ or 50'. It 
])resents a coevenient method of obtaining a low tem}>erature, 'v. hen 
other less coimmni mateiiaL> are not at hand.” (Western Islands, voi, i. 
p. 5v5L) 

1 . Mc) cardd . 'Itnrt^jdicrc. 

It lias bet n long admitted tliat in tlie U|5per part of the tliermomcter 
and haroiiw'ter an atmosphere of mercury exi.sts, having a \crv small 
degree of temdun; and Mr. Faraday has shown, by tlie following 
simple eXjferimfMit, that a mercuriaratmosphere may exist without 
removing the air. A .''inall portion ofmereury was put through alun- 
nel into a clean dry ))()tlle, capable of holding about six ounces, and 
formed a stratum at the bottom, not one-eighth of an inch in thickness ; 
particular care was taken that none of the mercury should adhere to 
the u])per part of the inside of the bottle. A small piece of Icuf-gold 
was then attached to the under ])art of the stopper of the bottle; so 
tliat when the stopjier was put into its place, the leaf-gold was inclosed 
in tlie bottle. It was then set aside in a safe place, which iiappened to 
be both (lark and cool, and left for between six weeks and two 
months. At the end of that time, it w as examined, and the leaf-gold 
was h)und whitened I)y a (juantity of nH‘rcury, through every part of the 
bottle, and mercury remained apparently just a.s before. 

This experiment was repeated several times, showing that mercury is 
alw'ay.s surrounded by an atmosphere of the same substance. — (Faraday, 
Quarterly Journal ofIScicnce, No.xx. p. 855.) 

V. Hid ph met of Chror.ie. 

Mr. I, L. Lassaigne has obtained this compound by the following 
process : Cliloride of clirom^ was prepared by boiling chromic acid with 
excess of muriatic and evaporating to drynesijf It was then mixed 
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with five times its weight of sulphur, and heated to whiteness in a bent 
glass tube. The resulting sulphuret of chrome was blackish-grey 
colour ; it is unctuous to the feel, very light, and readily falling to 
powder; when rubbed on bodies, it leaves marks similar to those of 
plumbago. Heated in a platina crucible, it burns like pyrophorous, 
giving fumes of sulphurous acid, and leaving deep-green coloured 
oxide of chrome. It is not readily acted 04)011 by nitric acid ; but 
when this acid is mixed with muriatic, it is easily dissolved. It is 
composed of chrome, 100: and sulphur, 10 ot. lly mixing equal 
parts of chromate of potash and sulphur, and heating the mixture in 
close vessels, green oxide of chrome was economically obtained by 
M. Lassaigne. It is to be washed with water to dissolve the sulphate 
and sulphuret of potash, wIulIi leaves the oxiile of chrome pure. 
Equal!} fine oxide of chrome was obtained by heating sulphur wdth 
the produce of the evaporation of the solution of chromate of iron, 
treated by nitre, to which a little sulphuric arid Jiad been previously 
added to precipitate the earthy matters which had beeti dissolved. 


io a mistake of the it has heen found 7C(/Hisitc to give 

a 7ieiv Plate of Mr , Pratt's Clinometer^ whiJi the leader is requested io 
substitute for thnt in the fa^t lunnher of the AnnaLs. 


Aktic'le XVII. 

NEW SCIENTIFIC 1U)()KS 

I*KEPARfN« FOR PI’BUC Vl lOX. 

Dr. Good is preparing for publication, 'i'lic Study of Medicine, 
comprising its Physiology, Patlndogy, and Practice. These volumes, 
in addition to that ^lately published on Nosology, and dinlicated, by 
permission, to the Collegt of Physicians, will complete the Author’s 
design ; and constitute an entire body of Medical Science, equally 
adapted to the use of Lecturers, Practitioners, and Students. 

Travels in Syria and Blount Sinai, by the late J. L. Burckhard, arc 
in the jness. 

A work, entitled Practical Economy, or Hints for the Applica- 
tion of Modern Discoveries to the l^lrpo^es of Domestic Life,” is pre- 
paring for publication. 

Mr. Hadeii, of Sloane-strcel, is about to publish a Monthly Journal 
of Medicine, addressed principally to unprofessional persons. The 
work will teach the prevention rather than the cure of disorders; at 
the same time that it will point out how the friimds of the sick may, in 
the best way, assist their medical nun in his treatimnt, and otherwise 
show how" health may he preserved, and disease w^ardedofL 

JO&T riim.K'HKD, 

An Inquiry into the Nature and Treatment of Gravel, Calculus, and 
other Diseases connected with a derange'd Operation of the Urinary 
Organs. By Wiliiaiii^JVout, MD. FRS. 8vo. Is, boards. 
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An Essay on Sea Bathing, in preserving Health, and as a Remedy 
in Disease, especially Nervous, Scrophulous, Sec. fey J. W. Williams, 
Member ot‘ the C ollege of Surgeons, Lond<)n. ]2mo. 5s. 6d. 

Eases illustrating the improved Treatment of Stricture in the Ure- 
thra and Rectum. By^James Ariiott. Svo. 

A Dictionary of Ehemistry, on the Basis of Mr. Nicholson’s ; in 
which the Principles (If the Science are investigated anew. By An- 
drew Ure, Ml). Svo. l/. Ev. hoards. 

JVaetical Observations in IMidv/ifery ; with a Selection of (’uses. By 
John Kanishotliain, Ml). Svo. i’art I. lOv. 6(1. 

Pi actical Observations on Chronic Affections of the Digestive Or- 
gans, and on Bilious and Nervous Disorders. By John TJiomas, MD. 
<S\(). f) . 

illustrations of tlie great Operatimis of Surgery. By Charles Bell. 
I’art 1. Plates coloured. I/, l.v. 

Cnlversal Science ; or the C'abinet of Nature and Art ; comprising 
various Selections from useful Discoveries in the Arts and Sciences. 
B) .Viex. Jamieson. ‘2 vols. l2mo. Ki.s. 


Article XVIII. 

NEW PATENTS. ' 

James Ransome, of I[)swich, iron-founder, and Robert Ransome, of 
C’olcloter, iron-founder, for an improvement upon an invention by 
James Ransome, for which he now hatli a patent. June 1, 1816, for 
certain improvements on piOUghs. Nov. 28,1820. 

\^’iliiilm Ki iidriek, of Birmingham, chemist, for a combination of 
apjKiratus for extracting a tanning mailer from bark and other sub- 
stances containing such tanning matter. Dec. 5, 

J'honuis Dobbs, of Smalihrook-street, for a mode of uniting toge- 
ther, or plating, tin upon lead. Dec. 9. 

J(dm .Moort*, Jun. of Castle-street, Bristol, for a certain machine or 
niachinerv, which may be worked by steam, by water, or by gas, as a 
moving power, Dec. 9. 

(ieoi’ge \'aughan, ul’ Shetlield, for a blowing machine, on a new 
cojislruetion, for the finding and heating of metals, smelting of ores, 
and supplying blast for various other purposes. Dec. 11. 

M’illiam Mallet, of .Marlborough-street, Dublin, for improvements 
on locks, applicable to doors, and to other purposes. Dec. 1 1*. 

Andrew 'I’imhn;!!, of the Old South Sea House, London, for an 
im})rovement of the rudder and steerage of a ship or vessel. Dec. 22. 

Sir William Congreve, Bart, of Cecil-street, Strand, for improve- 
numts in printing in one, two, or more colours. Dec. 22. 

William Pritchard, of Leeds, for improvements in an apparatus to 
save fuel, and for the more economical consumption of smoke in shut- 
ting fire-doors and air-flues in steam-engine boilers, drying-pans, and 
brewing-pans, other fire-dOors and air-flues. Dec. 22. 

Marc Isarabard Brunei, of Chelsea, for a pjeket copying-press, and 
also improvements on copying-presses. Dec. 22. 
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Article XIX. 

Astronomical, Mui^ncticah nnd Meteorological Ohsercatious, 
By Col. Beaufoy, 

Biisheij Heath, near Stanniore, 

Laiitiulc aP .‘JT' Nortli. Longitude ATcst in time I' 


Astronomical Ohscrcation s . 

Dec. y. Emersion of .7iij)itcr\ second C 7** .’Mean I’inie ai^ lUisIn'y. 

satoilitc I 1 :) i "J i jMean Time at (irctrwiiii. 


Magnctical Observations, — V(niati\ni West, 


iMorning Ohscix. Noo.n Observ. Kvc’ui'g Observ. 


Month. 

! ii('ur. 

7 

an.mon. 

]Kmr. W n..uo‘'5. 

II. in’-. 

Dec. I 


040 

2i' 

1'' VO'' 2 5-^ 3(y 

4 1' 


2 


•15 

21 

33 

3i 

1 1.) 1 24 .30 

25 


3 

1 

— 

— 

— 

— 

1 ‘lO ; 21 30 

12 

i 

4 

1 


24 

31 

10 

1 20 , 21 .‘.7 

20 

‘C ' 

5 

i S 

10 

21 

32 

2f» 

1 25 1 21 30 

A 5 

t ^ 

6 


33 

24 

33 

5{* 

1 10 ■ 21 .77 

!1 


7 

8 


2i 

32 

18 

1 20 2 4 :: 

42 

7 1 








— 

— 




5L 1 

9 

S 

40 

24 

33 

19 

I 10 21 '0 

2 ^ 

1 

lo 


3) 

21 

32 

51 

1 i.j * 

Vl 

>■. ' 

} I 


43 

2 ! 

32 

.7.7 

I 40 1 21 .70 

49 

y ' 

J2 

— 

— 



— 


i 20 21 30 

20 

'3 I 

l:i 

s 

4.7 

24 

35 

(5 

1 2 7 21 ,3n 

40 

tr 

14 

s 

43 

VI 

3' 

27 1 

J J.7 . 21 .70 

59 

'1 i 

l.j 

8 

3 7 

21 

32 

4 ’ 

— 1 — — 



> ; 

l(i 

8 

40 

2i 

32 

37 

1 10- 21 37 

(.0 

j 

17 , 
1 w 

— 

~ 

.... 

— 

__ 

I 70 21 35 

.78 

* 

J ^ 1 

19 : 



___ 







z z z z 



20 i 

— 

— 

— 

— 

, — 

i 15 , 21 37 

09 , 

S I 

21 1 

S 

3(/ 

24 

.‘1.4 

30 

1 25 21 30 

24 

^ 1 

QO 1 

8 

45 

24 

32 

12 

I 15 1 21 31 

40 

i 1 

2‘C 

S 

50 

24 

32 

20 

I JO 21 30 

19 

c 

24 

8 

4.7 

24 

31 

53 

1 15 21 3.7 

.5.8 

c 

hC 

23 , 

8 

40 

24 

31 

50 

I 20 2 4 30 

17 

r 

20 

8 

55 

21 

32 

29 

1 25 24 .30 

05 

*5 

27 

8 

55 

24 

32 

44 

1 20 ’ 21 .30 

18 > 

c 

2H, 

8 

45 

24 

32 

34 

1 17 21 30 

42 t 

fed 

29 

8 

45 

21 

31 

17 

i 20 2 1 .30 

37 . 

c 

30 

8 

50 

24 

32 

50 

1 20 24 .3,7 

51 


Slj 

8 

45 1 

24 

32 

10 

1 15 J 24 .35 

55 i 
» 


r j . 

!M can for * i 


i 

1 




i 

1 


Month, ji 

' 8 

45 

24 

33 

03 

1 20 24 30 

.‘ji j 


1 ^ 


1 


0 

• 1 


1 
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Meteorological Observations: 


Month. Time. 

DecJ 

C jMorn . . 

jNoon. . 
tjEven . . 

{ ilVIoin. . 
Nooti. . 
Even . . 
r 31<>rn., 
Noon.. 

L Even . . 
r Morn.. 

4 X {Noon. . 

( 'Even . . 
i j.Morn. . 

5 j 'Nwn. . 

i • - 

j IMom.. 
C'j iNmin . . 

( jEven . . 

J Mom. . 
7^ Noon.. 
(. Even . . , 


r Mom... 

< NiK»n . . . 
L Even . . , 
( Morn . 

's iNo<»n . . 

t 'Even . . 


i Morn . . 
E)< Noon.. 
(. Even . . 
( Morn.. 
'K N(K)n.. 
L Even . . 
C Mom. . 

.Ntxm.. 
( .Even . . 
C Morn. . 

iNcwn.. 
t lEvcn . . 
. f Morn.. 
iNoon,. 
LlEven.. 
,.f |Morn., 
jNoon. . 
t Even . . 
f Mom. 

Noon. 
L Even 
f Mom. 

Noon. 
{. Even , 
f Mom. 
ISJ Noon, 
t Even. 


Ifaroni. 

Ther. 

Inches. 


29*6f6 

.35^^ 

29*619 

41 

29*449 

37 

29*449 

40 

29-603 

— 

29*:)79 

I 

43 

1 29*479 

49 

' 29*483 

52 

29*440 

49 

29*382 

50 

; 29*.5il 

4.5 

, 29*374 

46 

! 29 563 { 

49 

. 29*389 1 

52 

‘.| 29*682 j 

— 

29*703 

; 47 

29 *< 00 

; 48 

*.! 29*54.3 

I 48 

. 29*515 

i ^ 

! 29*375 

1 49 

. 29*412 

51 

29*1.31 



.! 29*100 

50 

!!1 28*932 

46 

, .j 28*990 

36 


, . 29*396 .31 

, . 29-429 36 

I ! 29-464 32 


iiyg- 

, 

Wind. 

Velocity. 



Feet. 

j 78^ 

WNW 


1 : 

W 


i 80 I 

M' by S 


! 69 ; 

W 


82 . 

.SSW' 


75 

85V by 5V 


78 ' 

W by N 


72 

W by S 


71 

M’ 


i *70 

W 

j 84 

E 

j 79 1 

SE 

i ' 

5V 

' 73 [ 

WbyS 1 

1 74 
i ___ 

W byS 


69 1 

W by S 


1 !! 

W by S 


i 

SW by 5V 



1 Weather. Six’s. 


78 1 SW by W 


70 NbyE 
67 NNE 


29-193 28 74 ESE 

29*093 31 71 ESE 

29*127 34 83 Calm 

29*194 38 78 NbyW 

29*600 — 87 SE by E 

29-624 — 83 SE 


I Fog, rain 1 ; 
Rain 


Eog 

Rain, fog 


Fog, rain 
Cloady 

Fog, rain 
Raw 



168 


Hontli. 


Dec. 

19 


20 


21^ 
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iarom. 


Time. 


Morn . , 
Noon. , 
Even . , 
Mom. . 
Noon . . 
Even . . , 
Mom . . , 
Noon . . . 
(. Even . . . 
( iMorn... 
22s [Noon... 
(. jEven . , . 
Morn . . . 
N(>on. . , 
Even . . 
Morn . . . 
Nivm ... 
'-'Even.... 
r 31orn. . . 

25/ {Noon 

(. I Even . , . . 
f IMorn.... 
56 { LVoon..., 


Inches. 

29-751 
29-788 1 ~ 


Ther. ! Hyg. 


29-900 
..j 2.5-835 

29-618 
. 29-6.‘18 

. 29-6ft8 

. 29-.) 10 
. 29-4.58 

29-400 

29-890 

I 29 849 I 
j 29-885 I 

I 29-208 ' 

I 25-268 . 


C jEven . , 
( jMom . , 

' 2f)-894 

27 

fNcHin. 

i 29-402 

( 

j'Even . . 

I _ 


[Morn. . 

29-401 

28 < 

Nwn. . 

29-434 


Even . . 



J 

Morn . . 

29-479 

29-^ 

Noon . . 

29-433 1 

1 

Even . . 


f 

Mom . . 

29-410 1 

aoJ 

Noon . . 

29-429 

1 

Even . . 


f 

Mom . . 

29-432 

SlJ 

Noon . . , 

29-391 

1 

Even . . . 

— 


48 

47 

46 

87 

; 

39 

41 

82 

82 

29 

29 

28 

29 

28 

29 

27 

29 

24 ; 
24 i 


21 

27 


5rind. 


' 8,80 I 

: I 

‘ S4 ! 

: ^ ; 

I 73 j 

68 I 

78 
72 

7,5 
68 

78 
70 

70 

71 

72 
70 


Velocity, 


8 

SSE ♦ 
8 

; 


Feet. 


Weather, 


69 

69 

09 

6,3 

66 

66 


24 ! 68 
65 


70 

65 


by N , 

: i 

' NE ! 
NE 

' K bv N ' 

Esi: 

ENE 
; ENE 

i: 

i<: ! 

! E by N . 

^ i 

NE by E ( 
NE by E ! 

! NE liy \ 
NE by I 

NE 1 
NE 1 

NE ! 
NE I 


jFog, rain 
jFog, rain 

iWet, fog 
I Fog, rain 


Six’s. 

42 

48i^ 

I 39 


I 42 
48 


|(’Iondy 
!(4oudy 

Rain j 42 1 

— j i 

Cloudy j [ 
Cloudy I 41 

Moudy 
Cloudy 


jC'loudy 

jCloudy 


.32 

! I 28 

■^29^ 

I 26 


I Rain 

[cloudy , ^ 80 

I Cloud y 
C loudy 


Clear 
( loudy 

C loudy 
C loudy 

Cloudy 

Fine 

Cloudy 
Very Cine 


if 27 
80 
:f 27 
-’29# 
If .3* 
I 25 

26 

^20 

27t 

7 


the same peri,,,), M33 in. during 
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« 

Article XX. 

METEOROLOGICAL TABLE. 


1820. 

Wind. 

DAKCM 

Max. 

h:tp It., 

Min. 1 

1 nr.RnoMfcTKfi. 

Max. 1 Min. 

Evap. 

llain. 

Hygr. at 
9 a.m. 1 

12thMon. 
Dec. 1 

N W'30-I7 

29*.99 

42 

37 



90 i 

o 

N W 30 l().2<>\05 

42 

31 

— 

03 

84 

.•3|S wiao-io 

2.9-97 

.00 

38 

— 


90 , 

4 

w ,2<; .07 

293)3 

53 

37 

— 


77 

* 

W 3()-()3;20\S7 

51 

45 

— 

06 

69 


E 

30 03,30*02 

51 

44 

— 

04 

94 

7 

N W 

;l()- 1 2:30-02 

.‘>5 

49 

— 


82 

S3 W3()-i;) 

30*12 

50 

45 

— 


76 

9 

W ! 

30-15 

30'05i 

50 

47 

— 

— 

6*4 

10 s w 

-K)0,> 

29 - 90 ' 

52 

50 

— 

— j 

86* 

1 ] 

w 

2;)-.9o 

29 O 'V 

53 

48 

— 

25 

74 

12.S W“:.0-0'5 

29 49 : 

5i 

47 

— 

— 1 

90 

13'N W 

<29VO 

2<) 47 

16 

29 

— 

7S' 

94 

liN 

29 - 90 ' 

39 

30 

— 

! 

84 

1 3 S E 

29\0O 

‘2979 

34 

26' 

— 

1 

62 i 

l()S L 

^29 79:2973 

3.5 

30 

— 

' 

78 I 

17 

E 

30-l()|2.9-73 

41 

34 

— 

40 

91 ! 

IS 

E 

30 23 30’ 10 

o7 

41 ! 

1 56* 

02, 

94 : 

ly. s 

30*35!30’23 

1 50 

36* 

— 

— ' 

100 1 

20 

S 

30-35{30*l 1 

50 

40 

— 

05, 

100 1 

21 

w 

3015 30-05) 

50 

33 

— 

j 

71 

22 S W'.KVOy 

30 01 

43 

1 34 

— 

04, 

88 ; 

23 

N 

30-01 

29-95 

•12 

I 33 

— 

— i 

90 ; 

24 N E!29 5)3 

29 93 

35 

1 30 

— 

i 

64 ! 

25 N E 

29-93 

-29-88 

32 

1 

— 


67 ; 

26' 

E 

2.9*96 

29-88 

32 

29 



70 

27; E 

29-99 

29-96 

33 

28 



65 

28! E 

3004 

29*99 

33 

25 

— 


61 

29I E 

30*04 

30-03 

29 

24 

— 


59 

30 

E 

3003 

30-02 

29 

22 

— 


60 

31 

N E 

30-02 

29-97 

30 

21 

45 


58 



3035 

29-47 

57 

21 

1-01 

l-67ilOO— 58 


The oheemtiaBS in each line of^e teWe ai^y te • pnied «f twa^hfcttt ^**2*’ 
bei|^iung at 9 A. M. on the day indicated in the first OMUinn* A daw dwotea that 
the result is included in the next following observation* « 
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KEMARKS. ^ 

( 

T-wdfth Month I, '2. Clovuly. 3. Cloudy: windy night. 4. Fine. 5. Cloudy. 

6 — 9. Cloudy. 10. Overcast: some rain. 11. Overcast 12. Cloudy; rainy 
night. 1 3. Sliowers, witli gusts of wind most of the day ; some sleet at one, p. in. : 
about half-past eight, p. ni. a lunar corona surrounded by a double* coloured halo. 
14. Fine. 15. Windy; bleak. 16. Rain: sleet: snow: boisterous. 17. Crlooniy : 
ground covered with snow in the morning. 18. Cloomy : the snow nearly all gone. 

19. Foggy night: a faint lunar halo, of the largest diameter, about eight, p. in. 

20. Gloomy. 21. Gloomy: foggy. 22. Foggy morning, loudy. 23. Overcast: 
drizzling. 21. Bleak. 25. Cloudy : bleak. 26, 27 Bleak and cloudy. 28. Fine 
clear morning : verj' cold wind. 29, .30. Cloudy : very cold and > ' jm * ujs wind. 
31. Overcast: cold wind. 


Rl>< 


AVinds; N, 1; NE, 4; E, 8; SE 2; S\V. 5; W, .5; 4. 


Barometer: Mean height 

For tlie uiootii » 29''933 inchet. 

For the lunar period, ending tl\. 27 th 30*002 

For 1.3 days, ending tlie 12tu imoon south) 29*990 

For 14 days, ending the 26th (moon nortli) 29*981 

Thennometer.* 31ean height 

For the month 39*24 1 • 

For the lunar period 40*645 

For 29 days, the 8un in Capricomus 42*482 

Evaporation 1»01 in. 

Rain. 1*67 

Mean of hygrometer 78 «> 


Moratory^ Stratford^ Firrt Months 16, 1821* 


E. HOWARD. 



ANNAJ.S 


OF 


PHILOSOPHY. 


MARCH, 1821. 


Article I. 

On the Action of C^stalUzed Bodies on Homogeneous lights and 
on the Causes of the deviation from Newton^s Scale in the 
Tints which many of them develope on Exposure to a polarised 
Raif. By J, F. Herschd, Esq. FRS. Lond. and £din« 
(With a Flate.) 

{Concluded from p. 132.) 

Our equation {b) gives room for a remark of some conse« 
ouence, as it affords a striking verihcation of the theory here 
aelivered. It will be observed that this equation does not 
involve t, and in consequence, the angle d determined from it, at 
which the coincidence takes jplace, is the same for all values of 
or for all thicknesses of the plate. The observations of the 
tints in the tables given above afford us ample means of patting 
this remarkable consequence to the test of experiment. In fact» 
in the three series of tints observed in sulphate of baryta, the 
apparent angles between the axes for the mean red rays are 
respectively 62^ 0^ 62® 2', and 61® 53', the mean of whic* is 
6P 5S\ wmle the apparent angles between the virtual pdles in 
the same series are 72® 4^, 72® 36', and 72® 47'. The semi- 
excesses of die latter angles over the mean value of the former 
are the apparent angular distances of the virtual poles itmsk dm 
axes of mean red r^s, and are rmspectively 5® 24', 6®, 10', 
neither of which difmra mote than 4' from the mean* 

To ascertain the real table of 4, we Imve oufy to 
angles of reftaddon. In specimen emfdoVM, I hma 1HS47& 
for the index of ordinaiy refraotimii and 
NtufSefiet, ^0%. t* i* 
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(the halves of the above. angles)" being 30° 59', and 36° 23% 
S6° 18% 36° 24' ; the corresponding angles of refraction axe 
18° 12' 30" (= a), 21° 6' 10", 21° 3^40", 21° 6' 40" ; and since 
# = ^ — a in this case, we find for the values of d, 2° 53' 40", 
2° 51' 10", 2° 54' 10", the mean of which gives 2° 53' 0" for 
the real angular distance of the virtual *pole from the axis of 
mean red rays in sulphate of baryta. ' 

Again, in the series of tints, Tables V, VI, VII, for Rochelle 
salt, the apparent angular distances of the mean red axis from 
the virtual pole were 277° 8' - 257° 35' = 19° 33'; 281° 30' 
— 262° 0' = 19° 30', and 282° 0' - 262° 25' = 19° 35% of 
which neither differs more than 3' from the mean 19° 33'. 

Dr. Brewster (Phil. Trans. 1814, p. 216) has stated the 
refractive index of this salt at 1-515 ; but this is certainly a little 
too large. In four experiments made at distant intervals of 
time, and by different modes of observation, I have found 

1-49640 1-50220 

1-49670 1-49853 

for the index for the mean yellow-green rays, of which determi- 
nations the last is to be preferred, having been made with great 
care. The same experiment gave 1-49293 for the index for 
mean red rays. The apparent angular distance of the axis for 
red rays from the perpendicular was 1 6°, which leaves 3° 33' 
for the angular distance ol’ the virtual pole from the p^peadi- 
eular. These angles of incidence correspond to the respective 
angles of refraction 10° 38' 20" and 2° 22' 40", of which the 
sum 13° i' is the real angle between the virtual pole and mean 
red axis in Rochelle salt. The series in Table IV. gives 13° 2' 
26" for the value of v\hich agrees completely with the fore- 
going determination. 

I toofc seven plates of nitre of various thicknesses, and cut 
from different crystals, and by a mode of observation to be 
described hereafter, found as follows : 

TABI.X VIII. 


Pengnatlon 
of the plate. 

Mean difttance of the virtoal 
ham the axia of mean 
yellow raya (apparent). 

Exceiffi , 
laheve the 
1 mean. 

Onkr of tjheooineM&e^^ 

1 1 

lo 50' 


Between tfie Ibiiftit amSt 


1 5t 



1 

1 57 


XHfoent at the twoestremities 

' ' i 

I 5S 


^Second maadmuin 


1 BO 

4*2 

Secttnd niidiim 


^ 1 59 


nuaJiivuiii 

r' % „ 

' 


(f ; 

mm 


’■'Umk i W 
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MAoti^ the comtanig^ of deposition of de viEdir|K]ie 
< K fl fc r < ifii t titicknesses is snffdently made out nere^ da sna^ 
fliffbranees which exist are certainly not attributable to eitpw of 
observation, which, in the method 1 et^loyed, are usaallj^ coo« 
llhed' within much nairower limits. Tiiey are due to mihutlfe* 
irregularities in the cxystals themselves, consistingprobably in i 
state of imperfect equilibrium of tbe molecular forces of aggre- 

g tion, to which this salt is so subject, that it is rather rare to 
id a specimen in which the rings beyond both poles have 
exactly the same breadth or tints. 

IV. Of the Tints dtnehped Crystals tvkh two Axes out of the 
prindpstl Section, 

If we place a crystallized plate at an azimuth zero in a tourma- 
Kne apparatus, having the axes of the tourmalines at ri^ht 
angles, w'e shall observe, if its thickness be at all considerable, 
that the two ova! spots on either side the axis of symmetry 
(which is now perfectly black) instead of being exactly regular in 
their figure, as in PI. IV. fig. 2, and tinged with colours symme- 
trically disposed on either side of a line m n perpendicular to 
the principal section, are invariably coloured at one extremity t 
with a strong prismatic red hue, and drawn out at the other i> 
into more or le^s elongated and tapering spectra or tails of blhe 
and violet fight. The extremities r, r of the rings too have a 
l^ge excess of the red rays, and the opposite v, v of the vi(^et 
rays. In crystals of the first class above described, the red 
extremity is turned towards the other pole, while in those of the 
second it is directed from it. If we subject a plate of Rochelle 
salt to this examination, the ovals u, a, are drawn out to a sur- 
prising length, and the whole prismatic spectrum is displayed' in 
them with great vividness of colour, while the violet po|tibn!!s oi* 
the rings are greatly elongated also, and appear to run into one 
another. If the plate be turned round in azimuth, the phenomena 
assume tbe most singular appearances of distortion;, and as the 
rotation approaches to 45°, the rings in the vicinity of the pole 
are gradually obliterated by their mutual overlapping, whicn is 
the greater the thicker the plate. In all situations, however, the 
interposition of a red or dark green glass immediately restores 
the j^rfect symmetry and regularity of tbe iiiiga> wbieb are then 
seen in much greater number, and completely wdli defined. ' 
All this is the necessaiy consequebce of the of coinci- 
dence of the axaa »f<w cmerent Tket luteial npetsii. for 

example, are formed for each homogeneous colour with perfect 
regularity close ta^#^r 

will, Aerctere,* fee, 

ti^vpeiMrC4waeispoiM3i 

• Tbe oVdt ifiole^oeiHfo^ aedkieye 
thoiie pf the other colours will be super4ittpoara 

% X.2 



' Mr^ on the 4^tim of. 

orerlaj^ping, as represented by the dotted ovals oo, ^y, 
Icb. like the circ^wr coloured itneges of the sun in the soectnitt 
of an ordinal^ pn^> p^&niattc tails above 

described* Similar consioerations will amly to the anomaioiis 
appearances presented by the rings of all the other orders, and 
in every situation* 

This suggests a very simple and pleasi'ng experiment, which, 
affords an ocular demonstration of the adequacy of the explana* 
tion 1 have advanced* Let a plate of Rochelle salt be placed in 
a tourmaline apparatus in any azimuth (45° is the most conve- 
nient) and firmly fixed on a proper stand in a dark room. The 
eye being now applied, let an assistant illuminate the emeried 
glass or lens o^short focus ♦ which disperses the light previous 
to its incidence on the first tourmaline, with the several colours 
of the prismatric spectrum in succession, beginning with the red* 
The rings will then be seen formed successively of each of the 
colours, perfectly regular in their figure, but contracting rapidly 
in dimension as they become illuminated with the more refran- 
gible rays, t* At the same time the pole about w’hich they form 
will be seen to move regularly in the direction of the other axis 
of the crystal, and if we pass alternately from a red to a violet 
illumination, will shift its position accordingly, backwards and 
forwards, through a very considerable angle* If rays of two 
colours be thrown at once on the apparatus, ueir two correspond- 
ing sets of rings will be seen at once, crossing, but not obliterat- 
ing one another, and the distance between their respective 
centres will be observed to increase with the difference of their 
colours. 

By measuring the interval occupied by the projections of 
the centres of the last visible red and violet rings, as well as 
these of the intermediate colours, on a screen at a known dist- 
ance seen with the other eye, I found the following values of the 
apparent and real separation of the several coloured axes : 

Between A|»pweiit intenraL Real intenraL 

Red and orange 0® ^7^ very uncertain .... 0® 25^ 

yellow^ 1 60 rather uncertain ..1 13 

green 3 43 ditto 2 29 

blue 6 8 4 3 

indigo 8 19 5 33 

violet * 9 46 • • 6 31 

As a mode of measurement this method is very inaccurate, 


^ lyqinauia ' 

f Se« Iieeci<»eaOptaae, lit>* ii. Paia. i. Obt. xiil frani whMi dTlIiti.caqp* 

ijnient fa tateu ^ Magnique voluptate pexfuaua,** aaya Newton,’ wiUi iSbit fuflaidiwn 
ttne philoic^lier who Jkivaa the fim he Imiwa fa, vidcham eoa dUalare ant 
dWmheie «r«d£tim piq eo ae aoittr Ittmihia huMtahatiir.** It {ahspawfhle w wit. 
I file Toy hMatifol pte wap c i M m dcaoibed la tlkt taoct wittau fumtog huo dit Mis 
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^^especi^By in the extretne red and Tiolet raya^ 
iroitld he coptonaly, and indeed almost entirely abagrbe^ in 
tlieir passage through two plates of tourmaline of a yel|ow^> 
'groen colour. Much more exact and unexceptionable meaam^ 
will be presently giveh, but these are quite sufficient to establlfh 
the reatiiy of the phenomenon described. 


Vm Of a secmdary Cause of the Deviation of Tints, subsisting in 
certain Crystals, and of the anomalous Tintsofthe Apophyliite. 
To determine the dispersive power of any medium, and obtain 
some rough knowledge of its law, we make a prism of it act in 
opposition to one of a standard substance. To ascertain the 
total dispersion of the axes of a crystal, or the angle by which 
the extreme red ond violet axes differ, we may make it act 
against itself. Since the violet rings are more elevated by 
refraction than the red, from the situation in which they would 
appear to an eye immersed in the medium, a plate may be con- 
ceived cut in such a direction as to make their apparent centres 
coincide, in which case the tints immediately about: the poles 
will coincide with Newton’s scale, and the extraordinary image 
will totally disappear in the pole at an azimuth 45^. This conm- 
tion gives 4ss0, 5^ = 0, whence (supposing Sf 

the indices of redaction for extreme red and violet rays, and $ R 
» R' — R) we find 

Jassg^ss — tan. f 


The angle <p however becomes imaginary, and this method, in 
consequence, inapplicable when the separation of the extreme 
axes (i a) is greater than the maximum dispersion of the colooia 
of an intromitted white ray, that is, when 

R. - 1 


Let us resume our equation (d), and supposing the form of 
the function 4^,* and the constants a, k, kf, R and $ KascertiHned, 
let the angle 6, at which the coincidence takes place be observed, 
and the vdue of § n will then become known. If we suppose it 
small, which it is in Uie generality of crystals, we get 


ta 






f •v' + + 






¥) 


(4' being put for 4 (t, 9^ for the sake of brevity). At im^noas 
marly perpeadicalar, 8 e su^ be aerieeted:- Ike ekpMaaraa 
ledncesit^to ^ - 


v- -'w-'. ■ .,ai*T jf# ■ 

The coaqramen of Iheie ibnaobs with obeervetido» aAM 
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mWi le«d to son^ very temaikable conseqfieoGeSt reqixnes 
know the form of the fnQetion 4^ and the values of if, Vfm 
will l^gin with the former, and in this investi^atioii the first 
step is to deteimine the general equation of the isochLromatic 
lines. In order to this, we must separate* in all oases the law of 
the tint from that of its intensity. The letter depends eotire|^ 
on the greater or less facility which the emergent ray finds in 
penetrating the prism of Iceland spar employed for its analysis, 
and will not enter into the present investigation. When we 
examine a crystallized plate in a convenient graduated apparatus 
between tourmaline plates crossed at right angles, turning it 
idovvly round between them in its own plane, the form of the 
coloured bands, if illuminated with homogeneous light, will 
remain perfectly unchanged during the rotation, but the two 
black hyperbolic branches passing through the poles will oblite- 
rate in succession every part of their periphery ; and the space 
over which the darkness extends, as well as tlie degree of illu- 
miiiatiou' of what remains visible, varying* at every instant, 
give rise to so great a variety of appearances, tliat some little 
attention is required to recognize this |>erfect identity of figure. 
W’^hen the tounaaline next the eye is made to revolve, -tlie crys- 
tallized plate remaining fixed, the complicated changes which 
take place, are perfectly reconcilable with the superposition of 
the primary on its coinplementaiy set jf rings, the relative inten- 
sities of the two sets at any point being regulated by laws, we 
have no occasion to consider at present, but the figure of the 
isochromatic lines, where visible, remains absolutely unchanged 
by any rotation in this part of the apparatus. 

To form a first hypothesis on the nature of the function which 
determines the equation of any one of these curves, we must 
select a crystal, where the proximity of the axes and intensity of 
the polarising forces are such as to bring the whole system of 
rings within a very small angular compavss ; as by this means we 
^avoid almost entirely the Asturbing effect of the variation in 
thickness, arising from obliquity of incidence. Dr. Brewster, la 
hie paper of 1818, has chosen nitre, as affording the bestgenoh- 
9al vieiv of the phenomena, and it is admirably adapted for this 
purpose ; the whole system of rings being comprised at a vary 
moderate tinckness within a space of 10°, allowing us to regard 
their projection on a plane perpendicular to the optic axis as a 
true representation of their figure, undistorted by refraction at 
the surface, &c. If w e examine the rings in this crystal (illumi- 
nated with homogeneous light, or by the intevveution of a rod 
igkuss in common day-light), it wifi be evident that the 'geneml 
rorm^of any one of them is a re-entering symmetrica? 
which no straight line can cut in agere than four points, and 
which, by a'varidtiop*6f seme comtant parameter, is mone state 
wholly conca%'e, as 1, fig.^4, th^ becomes flattened, as 2; then 
Aaqi^e69LWmmmkov&mLt3t and pomils efTOniaraay fimmr 0 ,/is 3; 
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Hkm a M 4 ; «Aer whic^ k ^ptrtl^R 
i6ir«lsi as & ; which vltimatdiy contract themaelTes into liic polan 
Py as conjugate points. l!h€ general idea bears a smuhir 
resemblance to the variation in form of the curve of the fomta 
order^ so well known to ^geometers under the name of the lem** 
«iscate> whose equation is > 

(X® + + a®)® == fl® (/>® + 4 O 

when the parameter b gradually diminishes from infinity to zero^ 
2 a being the constant distance between the poles. In order^ 
however^ to put this to a satisfactory examination, accurate 
measures must be taken, which, in the case of nitre, from the 
minuteness of the system of rings, presented at first some diffi«- 
culties. These I obviated, after many fruitless trials, by a mode 
of observation which 1 have found extremely convenient and 
accurate, and which applies particularly well to the present pur- 
pose. It consists in projecting the rings by solar light on a 
screen in a darkened room, by which means they may be magni- 
fied to any required extent, examined at perfect leisure, and in 
all their phases, and measured or traced with a pencil with the 
utiK^st exactness and facility. They may be thus exhibited too 
to a number of spectators at once ; a thing which may prove 
4ierviceable to the lecturer, for which reason 1 have subjoined to 
this paper a biief description of the apparatus I employ. 

Having cut a very perfect crystal of nitre at right angles to its 
axis of erystalliaation, and adjusted it properly on this apparatus^ 
the rings were projected on a large sheet of paper, stretched, 
while moist, on a drawing board, by which means it assumes a 
truly plane surface by the contraction it undergoes while drying* 
The poles were then marked, and the loci of the successive 
niaxima for red rays carefully outUned. The screen being thea 
removed, a series of leniniscates were laid down by points, bav- 
sng the same poles, and one common point in each, chosen 
where the tint was most decided. It is unnecessary to give any 
4»omparatiVe statement of measures in the observed and icon- 
stemted curves, as die points, graphically laid down, uniformly 
fell on the pem^ed outlines, or, in the few instuuees to the 
trary, within limits less than the very trifling jnegularities of the 
out£ues themsalves. ^ 

The graphical construction of these curves m rendered 
extremely easy by the elegant and Well*-known property of the 
lemniscate, in which the rectangle under two lines drawn from 
the foci (Of jfwdelf) to any point in the pet^efy, mvaiMHe 
throughout tm whole extent of the carve; xhi« kwmy 
4vom Its equatioiii and tha value of this coaspipt «eq|ppgie in mty 
one curve IS expired 6. 

passing from ting to ris^. 'fo tois bud Fpri!$ebled 
illummated by red light on a screen as befere, ami hUdBlIg 
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-mtMAed the su^cessw loci of the minima of illumination, and 
laid down the poles, found the values of ^ £ in the several lem* 
niscates, as in the following table ; ' i 


Older of UiemU 
niamxu 

Observed values 
of a & in square 
inches. 

Differences. 



> V' 0 

(HK) 


0-00 

0*00 

1 

1-62 

1*62 

1*59 

-0-03 

2 

3'165 

1845 

318 

+ 0*02 

3 

4-69 

1*525 

477 

+ 0*08 

4 

6‘97 

1*58 

6*36 

+ 0*09 

5 

7-87 

1-60 

7 95 

+ 008 

6 

9-56 

1*69 

954 

-0*02 

7 

11 09 

1 53 

11*13 

+ 0*04 

8 

1277 

1*68 

12*72 

-.0*05 

9 

14*.SS 

1*56 

14*31 

-0*02 

10 

15*93 

1*60 

15 90 

-003 



Mean 1 59 




The nature of the illumination not allowing the delineation to 
he performed vdth the same freedom and precision as in aquifer 
light, the values of rt 6 in the second column are the means of a 
great number of measures, taken in every part of their respective 
curves. The numbers in the fifth column exhibit the excesses of 
the terms of the arithmetical progression in the fourth (whose 
common difference is 1*59, the mean ofcall the differences in the 
third column) above the observed values of a b, and are so small 
as fully to authorize the conclusion, that these values, and of 
course those of the parameter increase in arithmetical pro- 
‘gression with the order of the rings ; or, in other words, that the 
number of periods performed in a given space (= 1) by a lumi- 
nous molecule going to form any point M in the projection of any 
Ting is proportional to the rectangle of the distances P M, P' M, 
of ^at point from the tw o poles. 

Now, if we extend our views to crystals in which the distance 
between the axes is considerable, we may reasonably expect that 
the usual transition which takes place in analytical formulae from 
the arc to its sine, when we pass from a plane to a spherical sur- 
face, will hold good. If this be the case, we shall have at once, 
'and in all cases 

^ (5, ¥) JK sin* S , sin. 

♦ • * 

Bod the nature of the isochromaUc curve for the nth complete 
ijgfOpd.iviU be expressed by the equation 

aiti.V. Bin. I' ss . cot. p sa «t A .cos.f (e) 

*^’p«tlting A^ ‘ date be 6at at fight an^M -to the optic 




m 
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consequently 


cos, f 


StiLJLSSf: 

S . coi.<» 


sin. « . sin. fl' = ^ (cos. « + cos. «') ; (/> 

To put this to the trial, I took a plate of mica, whose thickness 
measured 0*023078 inch, and having adjusted it accurately on a 
divided apparatus, placed it in an azimuth 45^, and, by the inter- 
vention of the red glass above-mentioned, observed the maxima 
and minima of the extraordinary pencil between the poles. As 
these observations, when repeated, seldom agreed unless within 
a few minutes, 10 were taken of each maximum and minimum* 
The angles of incidence, deduced from a mean of similar obser- 
vations on each side of the perpendicular, are set down in the 
second column of the following table, each number in which is, 
therefore, a mean result of 20 observations. The first column 
contains the values of w, or the order of the ring observed ; the 
third, the angles of refraction, to obtain which 1 used the index 
1*500, employed by M. Biot.* The fourth and fifth columns 
contain the values of d, d', thence computed, and the 6th, values 

of the coefficient A, deduced from the formula h ss r i S : . 

' n . oos.^ 


Table X.— M/ca, Thickness = 0*023078 in. 


Valuei jAnglei of in. 
of ju 1 cidence. 

Angles of rc« 
faction. 

Values of $. 

Values of 

Values of 
5. 

Excesses, 
above mean. 

0*0 

sy» 

S' 

S0"!22o 

31' 

0' 

Oo 

O' 

O' 

15® 

2' 

0" 



0'6 

S2 

33 

20 

21 

14 

40 

i 

16 

20 

43 

45 

40 


-0*000195 

1*0 Jso 

34 

40 

19 

49 

SO 

2 

41 

SO 

42 

20 

30 


.<.0-00647» 

1*5 

28 

15 

40 

18 

24 

0 

4 

7 

0 

40 

53 

0 


-0*000112 


83 

34 

20 

16 

43 

SO 

5 

47 

30 

39 

14 

30 


Hav r tJ 

2-6 

22 

46 

20 

14 

37 

13 

7 

S3 

45 

37 

28 

13 

0*033148 


SO 

19 

35 

40 

12 

55 

10 

9 

35 

50 

35 

26 

JO 



S-3 

13 

48 

40 

10 

27 

30 

12 

3 

na 

38 

58 

30 



40 

10 

48 

50 

7 

11 

10 

15 

19 

50 

29 

42 

10 
















0*033141 



The last column of this table exhibits the deviations in excess 
or defect of the values of the quantity A, so cmnpnled from 
mean of all of them. Their smallness, in comparison with me 
^[uantity itself, and their alternations of sign, are evident 
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of ilie oonfttaocy of md we are, theiefoie, aotiio* 

fixed to take sia. ® x as the general value of 4^(4,^'). The 
observations on Rochelle salt, presently to be ix^tioed, exxiiinii 
this law.*^ If we denote by I the minimum length of a double 
oscillation, orihe space passed over duriag one complete period 
liiyr a mf tonscnitted at right angles to bptfa axes, we have Jc » 

j ^ and consequently h ^ I ^ ht. If we substitute for A aUd 

Talues above found, we obtain 

/ = 0*00076497 inch 


for the ,|nimmum length of a period performed by a mean red rey 
in mica. 

Resuming our general equations (i) and (d) if we substitute 

• t k* 

the value now determined for 4^, and write ~ for we have 


t . cos. ip * . sin. fl . sin. 6^ sa I . cos. (p . sin. (^ — a -f 8 ^). 
sin. ^ u + ^ 4) j (g) 

whence it is easy to derive (independent of any approximatioA) 

cos. 2 (a -i- ta) ss cos. 2 ^ + 2 - . sin. 6 . sin, 6"; (h) 

while our approximate equation (d) furnishes the following very 
convenient formula for incidences nearly perpendicular 

^ / — r tan. ? *in, 6' 

sm. S U = — j— . : (f) 

I sm. V a ' ' 


The simplest supposition vre can frame relative to the values 
of the constant elements /, f is their proportionality to those of 
^ dy or the lengths of the fits of easy reflection and transmission. 
This cannot certainly be far from the truth in crystals with one 
a0aay in which the coincidence of the tints, with those of New- 
ton’s scale, is for the most part exact. In sulphate of lime too, 
smd mica, the only crystals with two axes which have been exa- 
mined with sufficient exactness, and under the proper circum- 


• When f =« asin erysuUs with one Idas’ we hare ®') *= wn. a rest:^ iong 
wince confirmed by the accurate experimcnte of Bilewster and Biot. The velocity of tha 
ext^rdinary lay in such crystals is mvcn by the formula v* — V* + a , sin. $*. 
lowing this analogy, we may condu^ that in crystals with two axes we should have 

+ a . sin. 9 . sin. Now this is precisely the expression at which M. Biot haa 
Moeiitfy arrived. This very simple and degant result was comrntmieated to me by that 

f Wttt phposo^er in the spring of this year, and •ohse^ue»%hi' a lottw of Hay 
memoir w the subject which appears (by the Ann. dc £hi^ to have been read to 
InsCltatc in April, I have not seen, nor do I know bj vhat predse'dieps he was ted 
00 H, but presume it must have hem by some eommeietliebB dhe nattire t ttoV t 
des cr ibed. In the foregoing ii}vestigati,on of the law of periodicity, I beg leave, dim* 
fiuw, ixf dgwhuxn xntemion of arrogating tomysdf any sham in this beautiftil djseoyeiy, 
W Kite IlidOjffit it JiecessazT to state die wtejM in the Mt, In order to demctHtcmte a 
to Ihe hivetdgatictts rimt foRoiv,vklridi could itotliavhlihili tiitili 

% TBfj waj wwnTnTM wc vfwcBiii^p ywiywiiigig Of oi^|ioiiiiifwip iioiB mo 

^ jitr 4- a . tki.0, «in. F, by vessoti of oar iimorttice dt te BMUttc Ifod 
^ Mf adlau df dto |idbttid!& forea ; sad have pttmsd^ 
wnsnerinso umgcnenv Mws ui iwutne •veiiaciim aiio poiansilJBii iniii a emct 
’'oveid. ’ 
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impmmt jxotet, 

.iaoQfflity seetoas. to be ftustaiiiiecl mkh great precmon. Tw tttegr 
amm to aadioiite the general conmuaton, that in dl 

~ te p Let us see how this agrees with the measures givto ^ 

the former part of this paper. 

In sulphate of baryta, if we take Dr. Brewster^s measure cJF 
the dispersive power, ♦ we have S R » 0-019, and consequently, 
calculating on the data determined in p. 161, we must have, at 
the virtual pole, 

(f = 21° & 30^ <p> = 20® 60' 39'' = — 16' 

Now, if we suppose 7 = 6*3463 /' = 3*9982, the values ofir 
and c' respectively for the extreme red and violet rays,t we sl^ 
find by substitution in our formula (//) 

=6r 10" 

But a red ray penetrating the surface from within the crystal at 
on -angle e; tas 18® 12' 30", and a violet one at an angle -« -f* 

=5 19® 3' 40", would emerge at the respective angles 30° 59' and 
32° 58' 20", and would include between them an angle of 
1® 59' 20", which should be the apparent separation of the red 
and violet axes in the plate employed. Now, previous to the 
computation of this result, I had carefully measured this angle, 
by observing the incidences at which the extreme red and viol^ 
rays of the prismatic spectrum, received on the reflector of a 
CTaduated apparatus, respectively disappeared from the extraoi^ 
dinary image at the poles P, P'. I thus found 

Interval of the poles P, P' for red rays 62° 2' 

Ditto for violet 66 6 

Sefiii-<hffer6Qce, or apparent separation of the axes, 2° I'SCT^ 
which di^rs from its computed value only by 2' 10". We may, 
therefore, fairly conclude, that in the ease of sulphate of baiyla, 

the hypothesis p = j does not deviate sensibty frcun the truths 

If we apply our formula (#) to the measures above ffiven fbr 
Rodbelle sail, the result wifi be widely different. TEhO SaUlb 
aopposition as to the values of /, V being made, we get 
la «4®2'60"' 

IJhe incidence being nearly ne^endicular, aad^e angle sim^ 
we need only increase it in we proportion 1*499 1, to have the 
apparent^ nngle, which thus cames out 6° 4/« We havealreadf 
foi^ 9°464er^the same an^, by a method wbk»h«iniist<i»N)^ 
sarily give a result much below w troth, lias dtiitoeni^ 
far too great to arise from an^ errors of observatioa.^ buti to 
obtak meea mtmmmf 1 took serej^ times ite 




IMS Mr. Hersckel oh the Action of [Mabcb, 

•mttgulmr separaticm of the axis of each colour from that of the 
extreme red by the direct homogeneous light of a sunbeam, 
separated by the prism, and received on the reflector of a divided 
apparatus, when, after the proper reductions for refraction and 
dispersion, the results were as follow ; ^ 


Colour. 

Apparent sepa> 
ration of me 
axes. 

Real separation 
-So — 

No. of 

Values of 2 a. lobser. 

vationa. 

Extreme red . . 

0® 

0' 



75'^ 

42' 

1.8 

Mean red 

1 

ns 

1 


7.8 

88 

45 

Mean orange*. .... 

2 

87 

1 

44 

72 

14 

18 

Mean yellow. . .... 

4 

0 

2 

40 

70 

28 

20 

Mean green... .... 

4 

49 

3 

52 

67 

57 

16 

Mean blue .... .... 

8 

2 

5 

21 

63 

0 

IS 

Mean indigo . . .... 

10 

21 

0 

54 

61 

54 

S3 

Indigo violet. . .... 

i 

n 

1 

81 

60 

40 

2 

Mean violet. .. ..... 



9 

17 

57 

8 

1 2 

Extreme violet .... 

1 15 

2.8 

1 10 

14 

55 

14 

' 8 


Though the total s< 


paration of the red and violet axes in this 


table so far exceeds what we had before estimated it at, I am 


fully satisfied that it is no w ay exaggerated, but rather falls short 
of the truth. It is very practicable, by combinations of coloured 
glasses, liquids, &c. to insulate either extremity of the spectrum 
in a state of the most absolute purity. In this climate, the dis- 


persed light of the sky in the neighbourhood of the sun, which 
alw'ays mixes with the prismatic beam, is so considerable as to 
obliterate the feeble rays which compose the two extremities of 
the spectrum, and it is only by interposing such combinations 
betw^een the eye aqd the Iceland crystal used to analyze the 
polarised ray, that they can be examined with any certainty, 
combination I employed for the extreme red was such that 


when the whole spectrum throwui on a white screen was viewed 
through it, it was seen reduced to a perfectly circular, well 
defined, deep red image, whose centre fell on the very furthest 
termination of the red as seen by the naked eye, and whose cir- 
cumference attained, or perhaps surpassed the point where the 
maximum of the calorific rays has been supposed to be situated. 
In like manner, when the same spectrum was examined with the 
violet combination, a very slightly elongated violet image became 
perceptible, but every trace of the indigo, and the brighter por- 
tion of the violet rays, was extinguished. For observations on 
the indigo, and all the more refrangible portion, I employed 
similar artifices, without which I found it perfectly impracticable 
to obtain any regular and comparable results. 

The coefficient in our formula being the only part not 


immediately deduc^ from observation, it is evident that the 
assumption p must be widely erroneous in the present 
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instance, and it, therefore, becomes necessary to ascertain the 
values of I by direct measures. This is rendered e^y by the 
equation (e) which gives 

l^t. 

n . cos. (p 

We have only, therefore, to observe the inclinations of a plate 
of known thickness, pmperly cut and adjusted to 45° azimuth, 
which correspond to the alternate disappearances of the ordi- 
nary and extraordinary images, at which points the values of n 
are a, &c. ; computing then the values of 6, 5', and (f, and 

substituting, we get the values of /, without detailing particular 
experiments. The following table expresses the final result of a 
great number of such measures : 


Colour. 

Values of 1 in inches. 

Number of 
observa> 
tions. 

JBxtreme red ^ . 

0*0056158 

64 

Alcan red 

0 0050032 

14 

Alean orange | 

00045852 

24 

Alean yellow ' 

0*0040583 

52 

Alean green * 

0*0036549 

62 

Alean blue 

0*0032863 

22 

Alean indigo 

0 0029868 

52 

Extreme violet 

0*0025093 

49 


The observations from which this table was calculated were 
made indiscriminately on the maxima and minima of all orders. 
Those of different orders were of course computed separately, 
and found to agree without exception in giving the same values 
of / within limits of error less than those to vdiich the observa- 
tions are liable ; thus affording another proof of the exactness 
of the law of periodicity above employed. Now, if we compare 
these one with another, and with tliose of c as deduced by M. 
Biot from Newton’s observations, we shall have as follows ; 


Colour. 1 

Values of ~ 

Vauesof- 

C 

^Extreme red ! 

1*00000 

1*00000 

Alean ted. 

0*89093 

0*96215 

Mean orange 

0*81659 1 

090160 

Mean yellow 

0*72266 

0*85550 

Alean green 

0*65082 

0*79433 

Afean blue .... 

0*56520 

0*73725 

Mean indigo 

0*53156 

0*69641 

S^Ktreme violet 

0*44684 

0*63000 


It appears from this comparative statement, that the forc^ of 
polarisation and double refraction in the body now efjxammei^ 
act with much greater proportional energ^n w mpi^ rafrai^ 
mya thw in of 
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meA consequently ^et, even were its axes coincident, its tints, 
lilougii peifeotly fegnlar, would still differ vety sensibly from the 
colours of thin plates. This secondary cause of deviation ou^t 
to become sensible in plates cut so as to contain both axes, if 
examined at a perpendicular incidence ; but I have not yet had 
m opportunity of making the trial. * 

If we calculate on the numbers above given, it will soon appear 
that a perfect coincidence of all the colours in a single virtual pofe 
M imp^sible. For this purpose we may employ our equation (i) 
viditch easily affords the following 

C^s. 2 (a -f = cos. 2 a ^ 1 + . tan. 2 a . sin* ( — ^ a)^ 

cm, 9 a 
icm, M)* 

taking M an auxiliary angle such that 

tan. M = ^ 2 , tan. 2 a . . sin. (— J a) 

whence the value of 0 or the position of the coincidence of any 
two coloured rays becomes known, the values of/, /', and — 5 « 
being given from the foregoing tables. If we unite the mean 
red with the mean green, these formula^ give d = — 11° 29', and 
if «lith the mean blue, = — 14° 8', of which tlie one lalls 
short of, and the other exceeds (he angle — 13° 1' given by 
observation. If we determine by interpolation the values of /' 
and — So, which give d s= — 13° 1', we shall find veiy nearly 
r = 34581 - J = 3°3r - g + 10 p' ^ 40 39^ 

which correspond to a blue ray strongly inclining to green, and 
in the brightest part of the colour. !No\v it is evident that when 
a rigorous union of all the rays in the proportion in which they 
exist in white light, is impossible, that of the strongest and 
brightest colours in opposition to each other will at least ensure 
the nearest approach to a virtual pole on the principles above 
demonstrated, and a white will thus be produced, not indeed 
mathematically perfect, but containing no marked excess of any 
of the more p -werful colours. 

The apophyllite is the only crystal with one axis whose tints 
exhibit a sensible, deviation from the scale of Newton. Its phe- 
nomena, however, are entirely independent of the first and prin- 
cipal cause which produces the deviation in crystals with two 
axes, viz. tlie separation of the axes of differently coloured rays, 
and are referable solely to the secondary and suwrdinate cause, 
of which Rochelle salt has just afforded an example, viz. a pecu- 
liarity ipthe law which regulates the lengtht of the minimum 
oscillations of the differently coloured rays within the medium. 
1 ;. , IXe tints of the apophyllite commence at the centre of the 
increasein regular progression outwards, fcdiowtng the 
Cider, whatev^tie the tliicknesn of the pltte^ 

It that the mult^pliev M^Wour^tieral ft#-* 
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mula (a) is the same for all the coloured rays, being zero at the 
commencement of the scale ; ei»d hmce it fdhowi^ m a necessary 
consequence, that the axes of all the colours are united in one, 
and the virtual and actual poles coincide with each other and 
with the centre. Did any sensible separation of the axes eiMk, 
it must become perceptible by the ellipticity of the rings when 
examined with Homogeneous light of that colour from which 
they are furthest asunder ; but with the greatest attention, in 
plates of considerable thickness, 1 have not been able to observe 
the slightest shifting of the axis, or deviation from the circular 
figure, in passing from a red to a violet illumination. Moreover, 
it is evident from the preccKling theory, that any difference which 
may exist in their position, if too small to be sensible to the eye, 
can produce only an imperceptible deviation of tints. In fact, 
if we suppose a = o for any colour, we get, for the position of 
the virtual pole, 

sin. 9 = ^ z J. . sin. 

$ being the angular distance of the point of coincidence from the 
single axis of that colour. It is, consequently, insensible when 
I a is so. l^ow, the polarising force of the apophyllite being 
very feeble, the diameters of the rings in any plate of moderate, 
thickness must so far exceed this very minute quantity that the 
virtual poles, did any exist, must fall within the limit of the cen- 
tral blackness ; the T^'ewtunian scale would still appear to con^ 
mence from the centre, nor could any sensible deviation from it 
arise from this cause, 

2. When the prismatric spectrum is passed over an apparatus 
containing a plate of this mineral, no perceptible change in the 
m&gf$itudes of the rings for different colours takes place. Hence, 
it appears that the value of the function / for all the coloured 
rays is nearly alike. By measures taken on a divided apparatus, 
a slight difference is observed. Taking the mean refractive 
index 11 at 1*54^31 (by a very careful measure) and the dispersion 
J R at 0‘()17, the formula 

; sin. f ' A A. A 

I t . == - . slu. 9 . tan, $ 

n . 0)8. f n 

gave as foUow^ : 


Extrenidred.... 

Mean r^d. 

Mean orange . . . 
Mean yellow . . , 
Mean green* ... 
Mean blue..... 
Mean indigo . . . 
Extreme violet 


o-ooeaose 

o-ood^in 

000923^7 

O-OOSIMW 

OfldOSOAftS 

O'oasaoaa 

0*0093964 

0^0t0066#f 


Tfatft table, iiM>iiglt not aa exact, owing^to^ 
ia tile BpecidiMK emniiieav apees witit ntweM 
a^lui as the^t^'^onlbr. waae 
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Tkicknese rs O082§ iweA. 


Ordm«yp««iL 


Eztraordiiuury. 


0® 0 * white Black 

IS 60 [White, with a trace of^ 

purple [White, slightljr greenish 

SI 50 jExeei^g sombre violet ..[Pure bright white 

S5 IS I Pale greenish yellow Purplish white 

SO 45 i White. jSombre violet blue 

SNd 60 I White Extremely sombre violet*. 

S3 3 jUliite, with a strong tingei 

} of violet. 'Pale yellow green 

33 50 .Blue, strongly inclining toj 

purple. Greenish white 

ST 20 Sombre* indigo, inclining to 

violet. 1 White 

Sombre \dolet [MTiitc 

Tolerably good yellow green Purplish white 

M’hitc,!*'!^ a trace of y^ow: Obscure indigo, inclining to purple 

'W’’hite 'Sombre violet 


,'Tbe axis 

jlst max. of 
illumination 


list minimum 


ted maximum 


2d minimum 


Pale purple [Tolerably yellow green 

Sombre purple blue [Vellowish white 

Sombre violet JMTiite 

■Green yellow (Pale pui^le 

[Yellowish white. *Son)bre indigo blue . . . 


3d maximum 
3d minimum 


.'White 'Livid grey 

69 35 jPalc puiple lYellow gre^ 

61 45 [Sombre indigo. ......... .[Pale yeUowish white. 

62 10 [Sombre violet lYellowish white 

63 0 [Faint violet white | White 

Livid grey 1 White 

66 0 Tolerably green yellow . .. Purple 

69 30 lYellow white i Very sombre indiy> . 


|4th maximum 


|4th minimum 


In the coloui's of thin plates and others of the like composition^ 
the difference in the lengths of the periods of the different rays 
is so considerable, that after seven or eight alternations of colour^ 
the rings confound one another, and are blended into a uniform, 
•whiteness. Were the periods more nearly equal, a greater num- 
ber of rings should be visible, and were they strictly so, the 
succession of alternate whiteness and blackness should be conti- 
nued to infinity. As the values of /, &c. in the apophyllitc 

approximate pretty closely to this limit, we should expect to see 
a much greater number of rings, and this I find to be really the 
case. iSy inclosing a thick plate in balsam of copaiba in a pro- 
per apparatus to increase the range of incidence, I have counted 
as far as the 35th order, when 1 desisted ; not from any want of 
alternate colours, but owing to their extreme closeness, which 
rendered it impossible to number them distinctly. Indeed I 
have no doubt that could a very thick and limpid specimen be 
procured, hundreds jpjfght be seen without artifioi^ aid. 

In two instances tbeni at leastj and probably in many morei 
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or perhaps to a cei^n small decree in all cases^ the minimum 
lengths of the periods deviate in their respective proportions 
from those of the fits of easy transmission and reflection ; a cir- 
cumstance which of itself is sufficient to prove the independence 
of the causes of tbese»laws of periodicity. If we take R r « 
R A, fig. 6, and construct a curve whose abscissas A P are the 
values of c, c', &c. ana ordinates those of /, &c. the straight 

line r 0 y g b i V inclined at 46® to A R will represent the locus 
for crystals, such as carbonate of lime, in which the periods fol- 
low the Newtonian law, r' o' y' g' 6' i' will represent the same 
locus for tartrate of soda and potash, while [ o*' is 

the curve similarly traced for apophyllite. 

Having communicated to Dr. Brewster my observations on 
the deviation of tints, and the conclusion I had thence deduced 
as to the separation of the axes of the differently coloured rays, 

I received in answer a letter, from which, in justice to that inoe- 
fatigable observer, I subjoin the following extracts : 

“ MY DEAR SIR, Ksk hy RoiUn Laswadc^ Sept, 18, 1819. 

In consequence of having been some time from home, I 
have only now received your letter, and hasten to reply to that 
part of it in which* you request me to state what results I had 
obtained respecting the deviation of the tints from Newton's 
scale. The following general points will enable you Jo judge of 
the progress which 1 had made in the inquiry. 

. in almost all crystals with two axes there is a deviation 
from the tints of Newton's scale. 

** 2. This deviation is greater in some crystals than in others, 
being a maximuui in acetate of lead and tartrate of potash and 
soda. 

“ 3. That all these crystals may be divided into two clasaea, 
viz. those which have the red ends of the rings inw^ards and the 
blue ends outwards, and those which have the red ends outwards 
and the blue ends inwards. 

4. That in all crystals with two axes, the doubly refracting 
force of one axis in general acts differently upon the differently 
coloured rays from the doubly refracting force of the second axis 

“ 5. That as the polarising force is always proportional to the 
force of double retraction, the polarising force of one axis witt 
act differently on the differently coloured rays from the polaris- 
ing force of the other axis. 

6 . * * ♦ # # m # ♦ 

7. The consequence of this is, that there will be different 

resultant axes, or different points of contpensation for the 4i^- 
entiy ceJoured rays. - 

8. Ail these effects may be calcrdated1iii& the ntmost 
racy, if the ratio of the dispersive powers of tfie two extraor4mmQr 

Nej/^Series, vot. i. m 
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rpfiractive forces U eivw, or vice ver^ the disper^ve pow^^ iuay 
oe obtained frdin the engles of the resultant .axes'for the rectanq 
Viojet nys of the snectrum, 

^‘9, 1 have found crystals in which these phenomena nrei&ar 
ded/j/ comtected vfiih the rotatory phenomena; and from this 
bigfily important fact I am led to conclude that boUi have the 
same origin^ and that all the rotatory phfnomena are^ as 1 have 
stated in my paper, the result of Uie uncompensated tints of two 
a?:€s, equal for the mean ra^y but unequal for all the rest* 
(,ffere follows an iUustraiion bt/ a diaphragm.) 

** 10, The division into two classes in sect. iii. as founded 
merely on observation, is conveSrted into another division into 
two classes ; viz. 1. That in which the doubly refracting force of 
the principal axis acts more powerfully on the blue rays than the 
other axis does ; and 2. Tliat in which it acts less powerfully. 
The first class comprehends those crystals in which tlie blue ends 
are inwards, and the second, those in w'hicli the red ends are 
inw ards, or nearer the principal axis.” 

In a subsequent letter (Oct. 4), he adds, 

“ The vivtnal polesy which you mention, I discoverad in the 
year 1815, and I have two accounts of them in my Journal, the 
one signed on the 24th January, 1816, and the other 6th Janu* 
ary, 1817, by Sir G. Mackenzie*, President of the Physical Class 
of^the Royal Society.” 

No comments on the above extracts are necessary. They 
establish at once the priority of Dr. Brewster's observations, and 
the independence of mine. With regard to the division of crys- 
tals into two classes, which observation has alike su^ested to 
both of us, it is unnecessary, if we regard either ot the two 
classes as having the angle betvreen the resultant axes greater 
than a right angle. In Dr. Brewster’s table, Phil. Trans. 1818^ 
p. 230, succinic acid and sulphate of iron are stated as having 
this angle 90^. If this determination corresponds, as in ail pro- 
bability it does, to the yellow rays, they belong at once to both 
classes, and are, in fact, instances of the limit where one dass 
passes into the other. Bicarbonate of ammonia, in which I can 
perceive no separation of the axes of different colours, nor of 
course, any virtual poles, belongs in like manner to both classes^ 
or to neither. John F, W. Heuschsi.. 


APPENDIX. 

description of an Instrument employed in the foregoing Expert-^ 
ments on the pomnsed Rings. 

The singular proper^ possessed by the tourmaline, by which 
it plate of It of any nmderate thickness cut in a direction parallel 
to "axis of double^irofjraction, is enabled to absorb the wiu>let,ox 
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acMrlv tile of ad mcident pencil polarised m a piaiie 

parallel to that axk,* was pointed out by M. Biot, in l3ie fotcrtfif 
voiiime of his Trait^ de Physique, and he has availed himself oC 
it with his accustomed ingenuity, as afibrding an extremely 
ready and convenient m6de of view'ing the phenomena of polai^ 
sation, much more so than by the use of plates of agate, prisms 
of Iceland spar, or a second reflection. It follows, from thef 
above-mentioned property, that if a beam of ordinary light be 
made to traverse such a plate, the whole of the emergent pencil^ 
or nearly so, will be polarised in a plane at right angles to the 
axas ; for the incident ray being^inded by the doubly refracting 
feirce into two pencils, polarise in planes, the one parallel, the 
other perpendicular to the ax»a, the former is extinguished in its 
passage^ while the latter emerges with nearly its fuS intensity. 

Hence, if two such plates are crossed at right angles, though 
separately very transparent, their combination will be opaque*. 
There is a great diflerence, however, in the degree in which tour- 
malines of different colours possess this power. Those of a light 
^een, pink, or bluish colour, are quite improper, allowing a con- 
siderable portion of light to pass when so crossed ; while, on the 
other hand, those whose colour verges strongly to the honey 
yellow, or to the hair brown, or purplish brown, effect nearly & 
complete absorption, and afford, wnen crossed, a combination 
idmost impervious to light. In ignorance of this distinction, I 
secriflced several fine and valuable specimens before I co^d 
obtain proper plates. 

When aciystaliized lamina, cut in a proper direction, is inter- 
posed between such a combination of plates, it disturbs the 
polarisation which the light has received in traversing the first 
phute, and renders a certain portion of it capable of traversing 
the second : the colour and intensity of this portion, varying with 
the direction of tlie ray, give rise to the phenomena <rf the pola- 
rised rings, which may accordingly be seen by applying the cye^ 
mid feceiving on it the dispersed light of the ciouas, 

In order, however, to equahxe as well as disperse the lights 
wbich is of great importance to obtsdning a perfect view of the 
ptonomena, an emeried glass may be cemented on the anterior 
plate, or the first surface of the plate itself roughened ; but it 
w4U be found more convenient in practice to employ a double 
eonvexf lens of short focus for this purpose, by which, if neces- 
sary, a very strong illumination may be obtained, and mi 
extremely minute portion of a crystal subjected to examination. 


* The sains praMrsv is ol wss vsbk ia die epideie» ibb aainilA* end all aliier i 
and artificial enfms which exhibit any degree of dichnnsm when examuied hy rnugM^ 
fi^ed light. Mufiate of jialhidiuin and potaah posseases it in the hatet pear fim lo ^ 
nla semarUfie eSbet » eas% explimed hr a refiarence to thogfnem 
dawn hr Wk, Blewster in his pi^ on ahserptkm, Fhil. Tim. if IS. p. n. na Ipel- 
h aspasassd hy Out wbly lehaotive fiam into t^.spposMlt pobrised; mm 
aftHmdiispaitly ahsoihed, theother emerges (polaitsed in its pr^^ pirns) of neaiijr lia 
oriff nal iat ensity. 

M 2 
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1 have occasionally examined the rings in a portion* not 
^xceedin^ the hundredth of an inch in diameter^ and thus 
detected irregularities of crystallization of a very singular nature^ 
in many bodies, which would have eluded any other mode of 
observation. For this purpose the crystal must be cemented 
over Uf small aperture in a thin sheet of brass, on which the focus 
of the lens must be exactly adjusted to Ml.* 

If, instead of applying the eye to receive the light so dis- 
persed, w^e place a screen at some distance in a darkened room,^ 
the apparatus is converted into a solar microscope, and the rings 
will be seen projected on the screen. The construction of the 
apparatus I employed is as follow^s : A B is a brass tube, within 
which are fitted, first, a fixed diaphragm, a a b h, carrying the 
first plate of tourmaline in its centre ; secondly, a diaphragm,. 
C c dd, moveable freely in its own plane by means of the pin g 
passing through a slit in the 5 ide of the cylinder, A B, which 
occupies an arc of about 120^ of its circumference. This is des- 
tined to receive the crystallized plate, d d, while a cylinder, 
hh e ej f, made to slide and turn smoothly within A B carries 
the second tourmaline,^'/*. It is essential that the tourmalines 
employed for this purpose, and especially the posterior one. 
should be perfectly free from all flaws and blemisnes ; but large 
plates not being required, this condition is easily satisfied. The 
plates so arranged, and brought as near together as possible, the 
extremity A of the cylinder A B is fitted to sliefe somewhat 
stiffly on the brass tube P Q, furnished with a lens L, of about 
two inches focus, and a screw P P, by which it can be adajited 
to the apparatus usually employed for reflectiuy: a sunbeam inta 
a darkened chamber. The sliding motion of the cylinder A B 
allows the focus of the lens to be adjusted st> as to fall exactly 
on the first surface of the posterior tourmaline /\ wliile its rota- 
tion suffers the axis of the anterior one to be placed perpendi- 
cular to the plane of reflection. By this arrangement two 
advantages are gained. The refleebir employed (though metallic) 
always polarises a more or less considerable portion of the 
reflected beam, which in any other position is partially or totally 
extinguished by the first tourmaline, and a great loss of light 
ensues, which it is of the utmost consequence to avoid : more- 
over, by this disposition, the action of the reflector is brought to 
conspire with that of the tourmaline, and the polarisation of the 
light which traverses it (w'hich is never rigorously exact) is 
thereby rendered more complete. 

It is convenient to have sliding tubes containing lenses of dif- 
ferent focal lengtj^s, according to the crystal examined, for the 

* 1 have now an apparatus preparirif^, in wbidi the imt plate of tourmaline ftedf ia 
formed into a double convey lens, by which the Itss of li^t at two surfaces will 1^ a»p» 
vretuied. It is ea^ to adanf^ueb a lens to a double microscope, ^r the purpose of detect* 
lag microscopic im^gulaiities; and I have reason to suppose a Variety of carious results 
w^ be brought to l^t by tlicse means. 
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intensity of illumination any point in the screen b^ing, ceteris 
paribus, as the square of the focal length ; consSquenfly, when 
the rings lie within a very small angular compass^ a greater illu* 
mination of every part of them may be obtained by using a lens 
of a longer focus. • 

The dimensions of the figure, fig. 6, are nearly of the actual 
size. * 


Article II. 

Observations on a Memoir On the Hieory of Franklin , accord’^ 
ing to which Electrical Phenomena are explained by a single 
Fluidf' read at the liui/ai Institution of the tSciences at Amster^ 
dam, by M. Martin Van Marum, Knight of the Order of the 
Pelgic Lion, Secretary of the Dutch Scientific Society, Director 
oft/ie Teylerian Museum, Scc.SiC.^' (With a Plate.) 

(To the Editor of tlie Annals of Philosophy.) 

SIR, Dec. IS, 1820. 

It has been repeated so often as almost to require an apology 
for its introduction, that the Baconian philosophy proceeds by 
discovering and establishing facts, holding that upon such a 
foundation alone, can be raised any structure deserving the name 
of science. The philosophy which has happily been almost 
exploded by Bacon and his successors, lays its foundation in 
hypotheses ; and the labours of its adherents are spent in inge- 
nious conjectures, or in eftbrts to bend the various facts disco- 
vered, to give those conjectures an apparent truth, A Baconian 
philosopher gathers his maxims and principles from the united 
rays of numerous observations and experiments, and as they are 
received in all the simplicity with which the facts themselves 
express them, they yield to the mind all that satisfaction and 
confidence which spring from the clear perception of truth. On 
the contrary, an hypothesis is incapable of teaching any truth at 
all, and ought, under no circunislances, to be received as ** a 
confirmed truth ; the observation being certainly well-founded, 
that an hypothesis, however satisfactory as far as concerns the 
explanation of all the phenomena for which-it has been proposed^ 
cannot nevertheless, for this reason, be considered as mcon<» 
testibly proved.^'t 

Unfortunately the worthlessness of hypotheses is ^ot their 
greatest evil ; they invariably tend either to mislead the mind, 
from those conclusions natur^iy deducible frdba experiments^ 

• 

T Ann Pliit No. P 1 ocmcdve thu must beH^e mewiiiig of the seatetieo 

which it is ap|urehend^ (wough wiUioui an exemina Ion of fbe original mwA, 

be mitiraiiflated. . ; 

# 
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laa induce an extravagi^ regard to some circumstances to the 
^glect of others ^^uidly or more important. Thus l^ranklin^ 
whose experhnents and. observations will ever rank him amo^ 
the first philosophers, has impeded the progress of science by his 
hypothesis respecting electricity, which now, in spite oi the 
anxious exertions of his old and most respectable disciples, seems 
inevitably doomed to dt^ath. M. Van Marum however is of a 
different opinion, and to arrest the progress df the dualists, by 
which he means those who think there are two electric fluids, 
by the assistance ol* the Royal Institution of the Sciences at 
Amsterdam, he has thrown down the gauntlet to all the world, 
in a paper read before that Institution in October, 1819, and in 
their name he lias called for an answer to an experiment which 
fee originally publkhed in the year 1785, and considers still unan* 
swered and unanswerable. 

The experiment which has been thus put foiward as an expe- 
rimentum cnicis of the Frankliniaii hypothesis, is given so little 
in detail, and so many of the important circumstances are omit- 
ted, that it is diiiicult to deduce fiom it a perfect exj>laiiation of 
the phenomena. From the whole of the statement, however, 
the facts upon which >M. ^ an r\Ianiui ivlies may perhaps be suf- 
ficiently collected. It seems then, that in the formation and 
collection of positive electricity, M. A an Marum employed two 
conductors ; one in more immediate connexion with the machine, 
which he has called llic lirst conduct(*r, and a second intended 
to contain a larger (quantity of electricity, which he calls the 
receiving conductor, and this latter was placed at a little dist- 
ance from the first conductor. It llien appears, tliat he was 
able to ascertain by the form of the spark, that the electric fluid 
which was generated by the machim', and communicated to the 
first conductor, passed from that conductor to the receiving 
conductor. 

. Perhap.s there cannot be shown in philosophical reasoning a 
inorc fla 2 :rant instance of the evil of an hypothesis and its per- 
nicious influence over the mind, than that M. \'an Marum and 
bis friends should esteem this ‘‘ a most evident prooj' in favour 
of the theory of Franklin.” That is, because one electric fluid 
can pass from one conductor to another, therefore there is no 
other electric fluid. 

. This experiment could satisfy only the most zealous adherents 
of the Franklinian hypothesis ; but another, which is twice 
detailed, is considered irresistible. It was so powerfiilly of>eiw* 
line upon a French philosopher as to have silenced him for ten 

The mterial oiibnmstonees of IhasieKperiniMt can boidly Ifo 
gathered from either statement of it, but by comparing the two 
•accoaiM ^gether, i^ore im^orla^t f3PebiAi|y be 
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distinguished. From the comparison of the two Statemeiits, :ft 
appears that if a button of copper^"’ which either waS fixed in 
a conductor charged by the machine with positive electricity, or 
hy communicating with the earth, acquired a charge of an oppo- 
mte kind to that of the ^‘lectrified conductor he brought witnin 
six inches of the large globe *** of the conductor negatively elec- 
trified, the ramified electric fluid passes from the positive to the 
negative conductor. This last experiment in M. Van Marnm*s 
hands has proved victorious over every person with whom it has 
come in contact ; and it is not, therefore, surprising that it should 
have convinced even the venerable, sober-ininded, and intel- 
ligent Franklin of the truth oi' his oirri hypothesis. 

Happily, however, with whatever genius an hypothesis may 
be first suggestcid, or however ably and inflexibly supportea, 
truth will ultimately become rebclhous. Just as in this case, 
where the simikirity of the effects of positive and negative elec- 
tricity is so obvious in innumerable instances that it has been 
iinpossihle to repress the opinion that i(‘ the phenomena of posi- 
tive electricity arise from a peculiar fluid, so do those of negative 
electricity. While a philosopher whose mind is accustomed to 
inductive reasoning will not f)o able to avoid some suiprisc that 
sucli a man as Franklin, on seeing \'an 3Iarum\s experiment, 
should say, tliis proves the theory of a simple electric fluid, 
and it is now' liigh time to reject the theory of two sorts of 
fluids.’’ To such a philosopher, it must appear singular that it 
should not have suggested itself to Franklin, that it might hare 
been, that the necrative electricity had arisen from a peculiar 
fluid, which was held in its conductor by a stronger attraciioTv 
than that by w'lnch tlir ])ositive electricity was held in its con- 
ductor; or it migiit have been that the nir (winch probably 
occasions the ziir/.ag ramified appearance of the positive spark), 
opposed less resistance to the positive fluid than to the negative; 
or it might have been that the form of the button afforded greater 
facility to the transmission of an electric fluid than that of ^ 
largo globe ; and either of these circumstances w'ould accontit 
for the passage of the electric fluid from the positive to the nega- 
tive conductor, consistently with the notion of a negative electric 
fluid. But if every one of these circumstances were shown not 
to exist, the experiment could not possibly pivve that there wa*; 
no negative or resinous electric fluid. Even then the fact that 
the positive electric fluiil had been attracted to the negaiit^ 
cohductor, would no more have ororerf the non-existence 
negative or resinous electric fluid, "than the that 
trated sulphuric acid attracting water to itself proves the ubn- 
existence bf su^uric acid. 

Bui M. Vah^^Mattra's experiment will be'l^ter 

•IfCt Titlf ' dUl9 WcfTCPS I witwOTI 
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was published in the Philosophical Transactions so long since as 
the year 1789. . 

** The escape,” says Mr. Nicholson, in a paper detailing some 
experiments with a powerful machine, of negative electricity 
from a ball, is attended with the appearance of straight sharp 
sparks with a hoarse or chirping noise. *When the ball was less 
than two inches in diameter it was usually covered with short 
flames of this kind, which were very numerous. 

When two equal balls were presented to each other, and 
one of them vras rendered strongly positive, while the other 
remained in connexion with the earth, the positive brush or 
ramified spark was seen to pass from the electrified ball : w^hen 
the other ball was electrified negatively, and the ball, which 
before had been positive, was connected with the ground, the 
electricity exhibited the negative flame, or dense, straight, and 
move luminous spark, fiom the negative ball ; and when the one 
ball w as electrified plus and the other minus, the signs of botli 
electricities appeared. If the interval was not too great, the 
long zigzag spark of the plus ball struck to the straight dame of 
the minus ball, usually at the distance of about one-third of the 
length of the latter from its point, rendering the other two-thirds 
very bright. Sometimes, how ever, the positive spark struck the 
ball at a distance from the negative flame. These effects are 
represented in Plate V. figs. 1, 2, and 3. 

Two conductors of three-quarters of an incli diameter, with 
spherical ends of the same diameter, were laid parallel to each 
otlier, at the distance of about two inches, in such a manner as 
that the ends pointed in opposite directions, and were six or 
eight inches Evsunder. These, which may be distinguished by 
the letters P and M, were successively electrified as the balls 
were in the last paragraph. When one conductor P was posi- 
tive, fig. 5, it exhibited the spark of that electricity at its extre- 
mity, and struck the side of the other conductor M. When the 
last-mentioned conductor M was electrified negatively, fig. 4, 
the former being in its turn connected with the earth, the sparks 
ceased to strike as before, and the extremity of the electrified 
conductor M exhibited negative signs, and struck the side of 
the other conductor. And when one conductor was electrified 
plus and the other minus, fig. 0, both signs appeared at the same 
time, and continual streams of electricity passed between the 
extremities of each conductor to the side of the other conductor 
opposed to it.” ** The efiect of a positive surface appears to 
extend further than that of a negative.” 

This experiment will seed few comments, for it is sufficiently 
evident that if the form of a spark or its direction, is to deter- 
mine the existence of an electric fluid, this experiment proves 
tbat^tfa^e are two. ^Nor is it easy f#r an unprejudiced dmrver 
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to explain^ how able^ inteMigent philosophers should be' so spell- 
bound by an hypothesis, as^ in aehance of the plainest observa- 
tions of their senses, to assume, that in all these instances, the 
electric spark was just the same, produced by one and the same 
cause, a single electric fluid, passing in every case from the 
plus, or positive, to the^minus, or negative conductor. 

These observations ^n M. Van Marum’s paper would be here 
concluded, but there is another part of it relating to the apparent 
repulsion of electrified light bodies, containing a few arguments 
so novel and original, that though it is not intended generally to 
enter in this place upon the subject of electrical repulsion, it ia- 
difficult to avoid taking some little notice of them. . 

M. Van Marum first assumes, that it is ** a souncl^truth, and 
well confirmed by experience, that no electric force can arise 
from the surface of a body, unless this latter be in contact with 
bodies either solid or fluid which assume a contrary force, or be 
surrounded by such bodies.*’ 

To be sure it has seemed to be placed among the elements of 
electrical science, confirmed by every experiment, that when 
bodies having opposite electricities are brought into contact, the 
electricities, unless controlled by superior attractions, combine 
and are neutralised. But it is not here intended to controvert 
the bases of the reasoning, but to notice the method of argument 
founded upon those bases. 

iVI. Van Marum proceeds. ** A body positively electrified and 
placed in the air is, therefore, conformably to this law surrounded 
w^ith an atmosphere of contrary electric power ; and a negatively 
electrified body is, on the other hand, surrounded by a positively 
electrified atuiospliere.” It is evident that every electrified 
body must necessarily be placed in the midst of this atmosphere 
of an opposite electric force, the contrary being impossible.” 

Now if these propositions w’ere true, it is quite clear that an 
electrified sphere would form around itself a spherical electrified 
atmosphere of which the sphere would be in the centre. If, 
therefore, two similarly electrified pilh balls were suspended in 
contact, they would form around themselves spherical atmo- 
spheres having an opposite electric force to themselves, fig. 7. 
The pith-ball A wouM be surrounded by the almospher^ CDEF, 
and the pith-ball B by t le atmosphere C G E H. It is evident 
that the centre of the joint atmospheres would be at the point of 
contact of A and B, to which, therefore, they would both be 
attracted, and consequently would remain at rest. But these 
atmospheres would not suit M. Van Marum’s hypothesis, nor is 
it consistent with the facts that the pith-balls should remain at 
rest. These difficulties are most ingeniously overcome, Iw 
M. Van Marum’s supposing that the pith-balls "A and B, fig. o, 
should form atmospneres^round centres C and D at a distance, 
and then that each atmosphere would attract its pith-ball to that 
centre. Why the balls should form atmospheres round those 
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centres before they themselves get there, or how they shooldbe 
tittracted by the atmospheres before those atmospheres are 
formed, M. Van Marum has not suggested, nor is it easy to 
imagine. ^ 

It is not, however, fair to complain qf M. Van Marnm’s sup- 
porting one hypothesis by another, nor do I perceive that hk 
own hypothesis is more contrary to his o\f n propositions than the 
Frankiiniaii hypothesis is to the analogies of nature. Franklin 

a OSes tliat there is in all bodies a natural quantity of electric 
, which cannot be perceived, and produces no effects ; and 
‘which consequently is from its very nature incapable of any 

f )roor^ that it so perfectly combines with bodies as entirely to 
ose all its properties, yet is held by so slight a force as to be 
removed by the least possible attraction; as in the communica- 
tion of negative electricity. Such a fluid is perfectly anomalous, 
leaving, therefore, the hypothesis not only unsupported by fact, 
but c\cn by analogy. 

But it uiay be said, if there be two electric fluids which on 
combinaliou neutralise each other, what be, comes of that com- 
pound? It certainly wauild not follow^ that if no answer could be 
given to the question, therefore t!ie Franklinian hvpotiujsis must 
be coiTect. That w'ould still bo entirely an hvpothi^sis, and, 
therefore, ought at once to be rejected, as oHcniig the wrong 
path to truth : nor ought, on the other hand, any hypotho'^is to 
be received in reply to such a que^^tion, In order, however, that 
we may not be misled from the proper answer, it may be well to 
observe t!mt it ought not to be expected that the compound 
fluid should possess the same prcqierties as its compoiu'iit parts 
any more than water does, or nitric acid. Another question may 
perhaps lead us to the prctpcr answer. Is iIkto any thing always 
produced by the combination of two electricities f If there be, 
we are bound to assume that the produce is the compound of 
the two fluids. Oxygen and hydrogen combine, and the caloric 
being disengTiged, water is produced ; and we assume that water 
is a compound of oxygen and hydrogen. The* two elc'ctric 
fluids combine, and caloric is produced, and that not from an^ 
concussion of the air, for it is produced in vacuo. Why then ig 
not the same inductive reasoning to 1)C admitted in ethereal as in 
gaseous fluids ? Why should we not admit the suggestion which 
has been offered,* that caloric is a compound of the two elec- 
tricities? I remain, Sir, yours, 8cc. C. 


fiMigr Ml Beit, Light, <ifd £l«etride;, hy C. C. BoOipiBi. 
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Article III. 

JRem^xrks on Mr, Phillis’s Anah/sis of the Pharmaeopaia CoIlegH 
Rem Medicorum Edtttburgensis* contained in a Letter addremd 
to U. Phillips^ Es^, By Dr. Hope, Professor of Chemistry 
in the University of Edinburgh. 

SIR, Edhihurgh^ Feh* 12, 182U 

The Royal College of Physicians of Edinburgh in preparii^^ 
new editions of their Phaniuicopaiia gladly avail therqy^-.'rts^of 
every suggestion that may enable them to render thRt work w^or- 
thy of the public confidence ; and I entertain no doubt that here- 
after they will continue to be thankful for services of the like 
description under whatever form they may present themselves. 

Well acc|uainted with your knowledge of chemistry in general, 
and your attention to the chemical department of Pharmaco- 
.pceias in particular, 1 confidently expected that the criticism 
which you have tliought it worth while to give of the last edition, 
even after a lapse of nearly four years since its publication, 
would have afforded much useful information to guide u.s in pre- 
paring a future one. 1 cannot, liowever, conceal how greatly I 
nave been disappointed m this respect. As your remarks are 
far from being in a strain of approbation, and as the chemical 
department liud in a great mea.''Ure been entrusted to me, 1 feel 
that 1 owe it to the Cullege, o\er whom I had the honour of 
presiding, when that edition came forth, to maintain their credit 
ill regvud to this work, w liich, from a certain degree of national 
authority in the preparation of drugs attached to it in this part of 
the empire, ought to be as free from blemish, and stand as high 
in the public estimation, as possible. 

I undertake tiie task without reluctance, both because I consi- 
der it a duty incumbent upon me, and because, if 1 do not 
deceive myself, I can easily make it appear that the strictures 
which you feive jiublished upon its formulas are by no means well 
founded. 

Had you been aw^are that the late edition was several years 
under revisal, and that many trials were made of the diflei^eiit 
processes directed in the most esteemed Pharraacopmias in 
Europe with the view of ascertaining their comparative merits, 
and that those adopted by us have in general been man^ times 
repeated, I am persuaded that the tone at least of thie oritidsm 
'isiOttM have been considerably di£Perent. 

Permit me to observe that most of your objections 
lisvsstilaaaiqpfy to tiie aeiative quantity ^tiieiiiiitech&miq^l^^ 
amdeealrt^on tiMM ^piaiilkkw^deiv^ 
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combination stated in Dr. Wollaston’s table of chemical equiva- 
lents. I apprel\pnd, however, that you have made an application 
of this beautiful and valuable contrivance which its very inge- 
nious author never contemplated, and could not now sanction ; 
for though that table displays the proportions in which different 
substances cotnbin% it by no means disj^ays the relative quan- 
tities of the substances to be employed, t when decompositions 
are to be effected, particularly by single affinity. It has been 
long known to chemists that to achieve the complete decompo- 
sition of any quantity of a compound, an excess of the decom- 
posing material is either absolutely necessary, or very useful, by 
atc'^^^rating the operation. 

Were 1 n^^t addressing myself to a person thoroughly versed 
in the science of chemistry, it would be easy to explain in detail 
the reason of the circumstance ; but it will be sufficient to 
remark that this excess is in some cases indispensable from the 
disposition of the decomposing agent to form a super or bicom- 
pound with the ingredient to which it is to attach itself, as in 
the decomposition of nitrates and muriates of alkalies by sulphu- 
ric acid to be immediately brought into view ; and also when the 
substances are in the state of dry powder, in order that each 
particle of the compound may fully and freely encounter those 
which are to act upon it. 

The reader who may think it worth his while to peruse these 
observations is particularly requested to direct his attention to 
your critique commencing in p. 58 of the first number of th« 
Afinals of Philosophy j and to read in succession the different 
articles to which a reply is now to be given. 

Acidum Aceticnm forte is the first substance of which you 
take notice, and your objection to the formula for its prejraration 
is, that the quantities of the salts employed are not such as are 
required for mutual decomposition. It is uncpiestionably true 
that the sulphate of iron contains more sulphuric acid than is 
required to saturate the oxide of lead in the acetate, but it is of 
advantage to employ this excess. It facilitates greatly the dis- 
engagement of the "acetic acid, and renders it unnecessary to 
raise the temperature to so high a pitch as would otherwise be 
required, by which means the empyreuma, unavoidable in an 
elevated temperature, is in a great measure prevented ; hence at 
file trifling expence of an additional quantity of the sulphate of 
iron, and of an increased size of utensil, there is a saving of time 
and of fuel, and a vast gain in the quality of the product. The 
object of this process is to obtain a very strong acid capable of 
dissolving camphor at a cheaper rate than from acetate of 
copper. 

Acidum Muriaticnm.^\jpon the preparation of this substance 
you remark, that Equal quantities of sulphuric acid and-com- 
mon salt are directed to be employed in the preparation of this 
acid. It will he J^een by Dr. \v ollaston’s scale taat the requisite 
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proportions are 8*4 parts of acid to 100 of salt.” Notwithstand- 
mg your remark, you surely cannot suppose tTiat in directing 
these relative quantities, the College could be ignorant of the 
proportion of the ingredients of muriate of soda. Permit me then 
to remind you, that thje numbers in the scale indicate the quan- 
tity of sulphuric acid necessary to saturate a given quantity of 
soda, but by no meahs the quantity of this acid necessary to 
effect the decomposition of the muriate with the greatest suc- 
cess and convevience. It must, I presume, for the moment have 
escaped your recollection that sulphuric acid is much disposed 
to form a supersulphate of soda, and consequently that jf-asti 
more acid be employed than is barely sufficient tOe^Kitufate the 
quantity of soda contained in the muriate, a considerable portion 
of the muriate will remain undeconiposed. 

After many repetitions of the process, 1 may confidently assert 
that the proportions assigned in the Pharmacopoeia afford a 
larger product of muriatic acid in a shorter period at a smaller 
expense ol* fuel than those which you nHM)inmend as the requi- 
site. 

Actdtnn \itromtn . — I suspect that we can turn to little ac- 
count the remarks which you have made on the process for 
prejjaring this substance, as 1 am ]>ersuaded from ample expe- 
rience that they an' not correct either in regard to the quantity 
of the product, or the condition of the acid which is obtained. 
Youha\e thought fit to condemn the proportions directed in the 
PhannacopoDia as unproductive and injudicious on the result of 
a solitary trial, w’hich you state in the following w^ords : I put 
into a retort 24 parts of nitre* and 16 of sulphuric acid, and car- 
ried on the distillation as long as nitric acid was i)roduccd. The 

f )roduct was of a straw colour, evidently containing but very 
ittle nitrous acid, and its specific gravity was 1513 instead of 
1520, as stated in the Pharniacopceia. It weighed 11*5 parts, 
whereas 24 parts of nitre are capable of yielding 17 parts ot acid, 
provided sufficient sulphuric acid is employed to aftbrd water 
enough to condense the nitric acid,” The results wffiich I have 
had uniformly for many years arc extremely different. The 
quantity of acid amounts to 15 parts; it possesses a full orange- 
red colour ; and its specific gravity, never less than 1520, occa- 
sionally (when the nitre has been previously well dried, and the 
sulphuric acid boiled) has been so high as 1540. 

I cannot refi*ain from expressing my surprise at the followinr 
paragraph : ** I have already observed that the acid which I 
obtained has only a straw colour instead of a red one, as the 
College seemed to expect, and I believe that whenever this acid 
has this red colour, it is owing to the presence of common salt 
in the nitre, the xhlorine of which partially decomposes tfa^ 
liitnc ecid.” ... 

Every chemist knows that nitric acid acquires a red colour by 
the action of mutiatic acid^(not of chlorine as you by inadvert- 
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«mce here sl;ate), whidt causes a partial decocnposstioA ; but ife 
is ajltogether a mistake to suppose that the red colour of Ae add 
gpt by decotuposing nitre proceeds from this source^ Hundreds; 
of chemists^ 1 presume, as well as myself^ haYe, since the days 
of Glauber, been in the habit of employing purified nitre, and} 
have obtained a red coloured acid. It must surely have escaped; 

j our memory that the red coloured acid is the sptriem nitm 
iimans, or Glauber’s spirit of nitre, the only form of the concen«< 
trated acid familiar to chemists till about 40 years a^. 

In the commencement of the distillation, the acid is pale, and' 
^^mtinues so till towards the close ; then, provided the tempera^ 
tujr^*fta« vheen raised to tiie due pitch, it acquires the omngQ 
tinge by absorbing the ruddy fumes which now appear accom«- 
panied with oxygen gas proceeding from the partial decomposi^ 
tion of part of tlie acid. 

As you state that you cannot see why the Edinburgh College 
should employ the particular proportions directed by them, f 
leave to mention the reasons ; first, the prescribed quantity 
of sulphuric acid is required, and proves sufficient to detach this 
whole of the acid from the nitre ; secondly, the acid thus pro- 
cured is of great strength, and is so free from sulphuric acid, aa 
to render the second distillation enjoined by the London College 
altogether unnicessary for ordinary purjjoses. 

Acidum NUricum, — The criticism of this article appeal's to me 
to be incorrect in every point. Having this moment called your 
attention to the mistake in regard to me colour and quantity of 
the acid, I need not recur to them. Though for many purposes 
nitric and nitrous acids may be used indiscriminately, yet 
^Jhere are some where they cannot with propriety; and the 
^ect of the formula is, to direct the apothecs^ how be can 
procure a colourless acid ; while at the same time he obtains 
a portion of the acid in its most nitrous conditiou. I presume it 
is from your never having seen the red acid got by our process 
that you liave been led to remark that the red acid when diluted 
is quite pale ; whereas, in truth, if it be diluted as directed IqF 
the Pharmacopoeia, it is of a rich green colour. By free expo*- 
sure indeed to the air, this colour gradually, but very slowly^ 
dis^pears. 

You hare assigned as a reason for preferring the process o€ 
the London College, should a pale acid be wanted, thsi it afifasds 
it by one operation, while that of the Edinburgh requirea two. 
But you have forgotten that the London Pharmacopoeia dmdb$ 
a second distillation of a fresh Quantity of nitre, and after all 
does not procure a colourless acid. 

A^ua Potassa:. — You obiect to our process, because thriee as 
much lime is used as the theoretical quantity ; and because^ the 
excess occasions waste by* the quantity^ of the solution retained. 
Exp^mentally I have found by many trials, that this excess of 
lime deprives the potassa much more comn^ly of its oaihpiaa 
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i^d thsui a smaller quantity ; and that there is na, waste of the 
solution, provided the filtration be practised as Jtbe Plmrinaco-*' 
pceia directs ; for by the successive fusions of water, the whole 
of the solution is pushed through tlie lime. 

Suhcarbami ^mo;/i<r.~You allege that two parts of carbon^ 
ate of lime are ordered il^hen one and a half ought to be sufficient^ 
and that the excess requires the use of larger vessels and more 
firing. The object of the excess in this case is to secure the 
decomposition of the whole of the muriate, and save both time 
and fuel. 

Aqua Ammonia. — This is a substance tlie preparation of which 
has been ordered in the different Pharmacopoeias in a of 

ways. Though you particularly condemn our process, yet 1 am 
persuaded, from many comparative trials, that it merits the pre* 
ference. Your first objection lies against the excess of lime ; but 
unquestionably, in this instance, it is particularly useful, in acce* 
lerating the disengagement of the ammonia, ana rendering a less 
elevation of temperature necessary. You also complain that the 
pungency of the odour on nfixing and introduemg tlie materials 
into the retort causes much annoyance to the operator. The 
odour is unquestionably pungent, but if the operation be adroitly 
managed, it causes no annoyance of the smsdlest considemfioh^ 

Wlicii the quantity of materials is not large, the ^mixture may 
be made, and introduced so speedily, as to avert every inconve- 
nience ; and if it be intended that the charge of the retort shall 
be considerable, it w ill require no great sagacity in the practical 
chemist to discover, that he can mix tlie articles in as small por- 
tions as he finds convenient, and introduce them in succession* 
Wliile you give a preference to the formula of the London Col- 
lege, you admit, tliat estimating by the strength of tiia produclr 
merely, that of Edinburgh is more economical iu the proportion 
of Ifi to 10 ; but you add, as, hoivever, tlie Edinburgh order 
tlie large cpiantity of lime, which they employ with the muriate 
of ammonia, to be made red-hot, the retort generally breaks^ 
and an thia does not follow as a matter of course in the London 
pi:pcess, I .consider it to be really most economical.” Had 
mdeed the Edinburgh College directed the lime and the muriate 
to be made red-hot, as you have here inadvertently stated, the 
retort would almost infaUibly give way, and the, balance, strode 
by you might then be a fair cue ; the College, liowever, have 
given no such directions \ the words are tandmi> m]^natiur 
tmu sensim augendm dmec fundus olla ferrm rulmoai et 
mu gas et humor prodierint. As thus the hei^ is to be increased 
only till the bottom of the sand-pot growsred; and as the retoset 
has always a quantity of sand interposed ; and further, as nm^ 
of theheatis carried off by the gas, the temperature of the nat»- 
ture in every stoge very far distant from the point of incan^^ 
descence ; indeed the whole an^monia is disengaged hang befim^ 
the temperature could be elevated to tlmt pohd ; and im Pbar- 
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macopoeia directs the process to be stopped as soon as the ^hole 
of it has coine*over. 

The consequence is, that the retort is in no hazard of being 
broken. I have employed the same retort many times ; and in 
fact I know no process in which a retojj is less likely to suffer 
than the one now under consideration. 

You have also said that having tried the processes of the 
London and Edinburgh Colleges, you certainly find that of the 
London more easily managed. In my trials, the reverse has 
been the case. In the London mode, in addition to the trouble 

filtrating, much more attention is requisite in the management 
oPtfeo.^^tillation. If the retort and receiver be closely luted, 
which is often done to prevent the escape and loss of ammonia, 
the heat must be regulated with the utmost care, else there is a 
CTeatrisk of bursting the vessels. If they be not closely joined, 
file loss of ammonia is considerable. The Edinburgh process is 
not liable to inconvenience from either of these sources, and the 
general advantages which I have found it to possess arc, that it 
IS the most economical both in regatd to the quantity of the pro- 
duct, and the time and fuel required to obtain it ; and that it is 
managed with less trouble, without being liable to the chance of 
having the retort broken, either by bursting, or by any other 
cause peculiar to the process. 

Tartras Antimovu , — The name given to this substance natu- 
rally first excites your animadversion. Had you ha{)pened to 
look at the preface to the Pharmacopoeia, you would have found 
the reasons assigned by the College for deviating occasionally 
from strict nomenclature, and abbreviating the name of some 
compound substances, for the sake of convenience in prescrip- 
tion, by restricting it to that of the active ingredient. The 
Tartras Antimonii is one example. 

There is no preparation in the i^harmacopoeia for which so 
many and so varied formulas have been proposed as the tartras 
antimonii ; and upon this article 1 shall only remark, that with 
the aid of Dr. Duncan, jun. Professor of the Institutes of Medi- 
cine, all the processes, lately recommended by the Colleges of 
London and of Dublin, and by yourself, were carefully tried ; 
and that we saw no reason for preferring any of them to the one 
in our former edition. 

Carbonns Ferri Pr<ecipitatus , — As 1 have not lately performed 
the process for obtaining this substance with a view of ascer- 
taining the proper proportions, I shall not presume to assert that 
in this instance alsoy^ou have been unfortunate in your criticism. 
At all events, the diflerence between the quantity of subcarbonate 
of aoda, ordered by the Edinburgh College, and that which you 
commend, is so inconsiderable, that it may easily have arisen 
from the different condition of the ilubcarbonate employed in 
regard to water of crystallization. 

Acetas Hifdrargyrt. — You profess to be ignorant why the 
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Colle^^e orders a sliglit excess of acid. Allow me, therefore, to 
inforin you, that when a solution of the nitrate of mercury with- 
out excess is poured into a solution of the acetate of j)otassa, a 
turbidity and deposition of* subnitrale of mercury commonly 
take place ; and tlnj pn^jier product is injured, urih*>s the liquor 
be immediately filten d as the Dublin (\jile;^e directs. The slight 
excess of acid comj)let(-ly guards against this occurrence. 

Tile quantity of uater directed liy the i^hannacojKeia is not, 
as you allege, too largvi ; it is required to keep the acetate of 
mercury in solution c,t the monumt of its formation, and thus 
secures its yuu'fec't crystallization. 

iMuria^ 1 Ji/(h'/ir<jri/ri Corrt).sir//,s. — The fault which jo'u have 
staled to file dir('cti(»n for this suhstanci* is the excess of the 
counmai salt ; hut you are certainly in a mistake m asserting 
that it !.>» tutally useless. Here 1 am persuaded it is ]iarti(‘ularly 
requirt d that no porlimi of tin* sulphate* may suHer ibe subliming 
te inperatun* free tiom tile ( ‘'nlaet of nninate of soda. 

Snfn/tfiri(Ls JJ ifdrartrt/r/ ripitof ns. — Since vou admit the 

assigned proportion^ ol* acid and merenrs to lui correct, little 
comiiKuit on your remark is r(*<]uired. I'lie C’olh ge, however, is 
not ineoiisi^U nt, us you assert, in ordering some excess of nitric 
acid tor tlu’ m etate, and foibidfiing il ibr tliis ])reparation ; 
l)e<'aus(‘ tlie e'ou'ss is ad\ antageous I'or the one, and iirejudicial 
for the (uh('r. 

Oiidm/t I lif(lr(ir*^pri ('niercttni . — As yon have alrc.idy acknow'- 
ledged with inuch candour, ni p. H-i of Xo. II. of tliti New 
Senes (,f the Atnuil^, that \ou had committed an cnor in greatly 
oM'nating (he cpianlifN ot'» urth in the s(diition of lime, and have 
in coiiseqiumcc withdrawn \our objection to tile formula for this 
substance, it is niniiH (*ssary for me to say any thing in its 
<h leiice. 

i)\idiun i Ruhru/n per Acidiitn ^ifriciun. — If the 

diluted nitric acid have betm formed from tlie strongest acid, 
you art* jierfectly correct in saying that it will dissolve an equal 
weiejit of mercury, and in (liat case nn>re acid is ordered by the 
J".dmburgh (\)lli*ge than is lu'cessary for preparing this .substance. 
But if the best acid lusually met with in apothecaries" shops be 
employed, in consoqu(*nce of its inferior strength, the proportion 
assigind in the Pharmacopoeia will be found most suitable. 

Aeeta'< Plunihi. — In the formula for this substance I acknow- 
ledge that you have detected an oversight on the part of the 
( ollege. 1 trust, liowever, it is a verv venial one, as it consists 
merely in employing the older instead of the new name for the 
oxide of lead used in this prejiaration. 

I liave now^ gone through the diflercnt articles of your criticism, 
and with the exception of the trivial oversight in nomenclature 
now admitted, I trust tlnat^very chemist who shall peruse these 
remarks will be satisfied that none of your objections are well 
founded, I am very far from thinking that our Pharmacopoeia 

Nei Series, \ ol. i. 
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is free from blemish, thoiic!:h I am convinced that the College 
took ';Teat pains to render it so. To them it must be satisfac- 
tory and gratifying that after so l(»ng and deliberate a considera- 
tion of its merits, vou ha\e not discovered in the department 
which has excited vonr attention any real imjierfection. 1 
earnestly beg that YOU w ill take the tn^uhli; of repeating timse 
processes, of which wmi have e\pre--'^('ft your disajiprobation, 
and faithfiillv c.'oserv e liu' diiection> ofour PharinacopaMa, when 
1 am fully persuatled v*»n will be con\inc(‘d tliat your strictures 
hav<> been misapplied. 

uiugii in repeiOng your ati ack, I have bet n under the rieec's- 
sity ot pointing mit luiinfnuis inist'ahes into which you havi' 
fallen, vet 1 (‘utertain ihat opinion of your candour and justice, 
ns to nic' no doubt oi‘ your uiviug a place to tins loiter in 

the ne\t miuibi r of ilie /.'/ !*h//osnj)hj/. \ii opportunity 

will tinis be utt’onied to llio>e who have read y(uir aiiaiysis ol 
uNo tlu‘ reply t.> it. 5 hav(‘ tin- iionour tt) be. Sir, 

Y( nr M-rc obedient >(U‘\anl, 

fno M As ( 'll V iM.i s Hour.. 


Akticlk l\\ 

11 ^ ,i( } eJ hofnn </ ni I hr Chch/iciil 1*roj*crf ic^ a)id Econo- 
mical end McdiCiih.l I irlncs nj the lliimo/n^ Lapa/n^, or 
C^r.itiion flop.'' iW d’lis:! W . l\e-, YlD.ot .New 

Til L hop is a liard\ 'per. nnlal plaid, vvhiidi g'’ow> <j)ontaii(‘- 
(Uislv in tlie noitluni parts dt r.iu (pe and Auu nea. 1 It belongs 
to the ch'^s Duecia, and ojdi i [f‘'ul<\ud) ia, of LinmeU'«.. Tin* 
plan! wliieli bears the male liowtu’s is not culii\ated, and is (‘ai- 
led the irild Imp lie* common (honu-siic Imp, wliicli i.> tlm 
female plant, is lunv to Ixj tie' .subjt‘c‘ of investigation. Its 
gt'ncral (‘huiMct^ r i-« too w<^ ll and to'i imivauMdly kiunvii to need 
flescri[dJon. 'i’he ho}) has la en regiirdcti horn tniu' immemo- 
rial as an indi^^})eIral!le ingrf‘dient m malt licpioi--. It was intro- 
ductal and cubivated for that juirpose in Ihiglaud about the year 
lodlt, and has sineat been used so extensively in that couiiti'y 
and in immv ^ddn rs, as to have become; an important article o<' 
connnercc. Jt iias long be(;n known also to possess some virtue 

• From all American Scientitk' Journal. 

*4* TJiiit the Iluniiilusis u native of America has been confirmed by the ob.Hcrvation 
of Michepux, NiittalJ, l2aton, ^’omy, and others. 

^ A very accurate dravdng abd ntinuic disne^ion of the male and female hop-plant 
m<i.y be found in “ Lamarch’s Kncyclopediaf" part plate 

^ Writer-shave generally u>e<l the term tuip-pUnit to distinguijjh the whole vegetable, 
amt the to designate tliat part of it uned in brewing. 
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as a liicdiciae, and a <^oii(n’al df^cription ol’its character and pro- 
perties is recorded in most P)iariiiacop(eiu>. 

JNOt lia\in^- seen any accurate analy.sis <d' this article, and 
considt lini;' it nn])orliuit that tlie plj^sician shf'uld know in what 
part ol’llit* plant Its inedjcinai virtue r(‘sides, 1 commenced some 
ex])enmenls with a view to a^c*ertain thi^ o])ject. The facts 
wlin li were* devi-lopt'd ai tin* pio^^rc'ss of tlu‘ invest hj!;atiou were 
to me novel and unexpected ; and tlie results to which they 
ohv lousjy led idtoLJi'ther djjiiut nt from vvliat 1 had anticipated. 
Tin' medicinal character of iJn* ]j.)p wa.-^, tin refore, now re^aided 
as a suhject of nuiior impoi tanee ; for liovvover desirahle mio'hk 
1k‘ the merit ol’ intrcalucm^ to i^eiieral use a new and ehgihle 
farm of niethcaue, tha^ coiisidei atmn would c-\eite cAunjiaratively 
hut little sohciludv', winle tin le existed a lio[)(; of cHt'Ctirii;' an 
impioveinent iO',h‘meslic < conomy, which would be inatc'i lally 
Intel estjui^ to a liieat poitioii uf'tlu* c‘ivih/('d world. 

A (plant it V oi hop^ was piurmx'd which had ])een kc'pt for 
<.lonu‘stie j)urpos( •> in a vmail haii f'>r three veais. Wdien they 
\v(*re taken fioiu the ba*.:'. tlieie- ri inamed about two ounces of an 
nupalpvdjh' vellov, p(>w<l(r, which, b\ sifiiin.';, w as rendered per- 
ieelly pur(*. 1 Ins subsiance lias prol^ably been observed by most 
P'^rsous acrpiainled with (lie hop, and I suspi'cthas generally been 
inistaktu for but it peculiar to the female plant, and is 
probablv .sci'reted b\ the nectana. It sec'uiN to Inue l)een more 
coneetly appiecaaital bv tiuwe accustomed to the domestic use 
of lu»ps, than bv maiiv <«theis, pr ‘fessiiuj^ a more scientific know- 
l('dii<' t»f their cultuie, propeitu -, and use. 1 have not been able 
lotind anv nolu'e of this p )W ih i ni books, and know not that it 
iias bt'cn dc''iunated bv auv appropiiate term. In the iollovving 
iiKpiirv, tlicntoie. It will be called Lapidm, 

liij*. i. — OiH' dram oriupuhn was hoilt.’d with two otmees ot 
vvatei, 111 a small leioit, till a thud pait of the vvatei' liad passed 
over into a receiver, d'he Iluid th.it came ov er indicated slightly 
tlu pemiliar aromatic ihivmir ot the hop; it was perteetly trans- 
parent, very little disi oiuiued, and t*\hil)ited no appearance of a 
volatile oil.* 1’he watm remainiiu; m the retort was aromatic and 
i>itter. Wiitn tillered and evaporated, it yielded 10 grs.ofapa^p- 
vellow extract, intensely bitter, and possessin;^; in a hit^h degree 
the ]>eeuhar aromatic taste of the hop. 

J'.tp.'2 , — Two uunecs of the best merchantable hops were 
distilled in a retort with six ounces of water till half of the fluid 
liad passed over into a receiver of water. The water in the 
receiver was slightly impregnated with the odour of the hop, but 
there were no appearances of volatile oil. 

Iltp. l], — l\vo drams of lupiilin were boiled in a retort with 
three ounces of alcohol. The alcohol came over strongly impreg- 
nated with tht aroma of the lupulin ; but there was no visible 
indication of an essential oil. The remaining alcohol had 
assumed a brilliant yellow colour, and a pleasant but intensely 
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titter taste ; when filtered and evaporated, it yielded one dram 
of extract, of the consistence of soft wax.* 

Ejj). 4. — A saturated decoction of the lupulin was prepared 
with pure water. It was opaque, and of a pale yellow colour. 
By adding to a portion of it a solution* of the sulphate of iron, 
the colour was changed to a deep purple, approaching to black ; 
a solution of animal gelatine threw doun<a copious ash-coloured 
precipitate, ^^hich left the supernatant liquor Iransparcuit and 
clear. This liquor was now decanted ; by adding to it a solution 
of iron, it was changed to a pale blue , the acetate and subacc- 
of lead caused a copious cuidy yellow ])recipitate ; the 
nitrate of silver, a greenish llocculent precipitate; muriate of tin, 
w'hen first added, produced no chang(‘, but after standing a short 
time, a broun precipitate; a solution of sulphate of alinnine 
caused no immediate change, but by boiling \Mth the drcoction, 
it separated a dense precipitate. Silieated potash, alcohol, ami 
vegetable blue, induced no change. 

Thp. b. — Two dram‘s ol‘ lupulin in four ounces of water were 
digested .six liours in a sand-bath, fhe infusion yielded by eva- 
poi'ation six grains of aiomatic and bitter extract. Two ounces 
of proof s|)irit uerc added to the same lupulin, and subjected to 
a moderate lieat 1*2 hoins; wlu n filtere<l and evaporated, there 
Temained six grains ol‘ a resinous ( xtract. 'i he same lupulin was 
digested 30 minutes in boiling aleolu)!, from ^^hich uas (obtained 
by e^apu^atio^ 02 grs, of extract. The extract obtained by the 
second pror evs was soluble in pure alcohol, and when water was 
added to the solution, it l)ecame turbid and milky. 

Eip. b. — fhe lupulin used in tlr* la.'^t (‘xpenmeut was bruled 
in strong canstu'. ammonia. V> !n n iillered ami .supei>atni ated 
with (hfc>tiilcd ^inegar, u copious precipitate ensued, which was 
insoluble in alcohol, and possessed the so-usifde propeities of uii 
impure wax. The last three e?;pennieiits show jiretty satisfacto- 
rily that the most important proximate principles of tlie lujuilin 
are resin, wax, tannin, gallic acid, a bitter principle, and an 
extractive matter. The following experiments were instituted 
for the purpose of ascertaining more accurately their respective 
proportions as well as tht^ aggr(‘gate amount of soluble matter in 
a given quantity of lupulin. 

Exp.l , — Two drains of Urpulin were infused five hours in boil- 
ing water. To the filtrated infusion were added, at intervals, 
five grains of animal gelatin in solution, when it ceased to pro- 
duce any precijiitatc?, and the supernatant liquor became trans- 
parent and clear. The sediiiient, when diyg weighed 10 grains. 
An ounce of alcohol was added to the filtered solution, hut it 

* These expcrimeiits, with some variation, were frequently repeated, with the view 
to detect, if practicable, the volatile oil which isV> frequently mentioned by authors as 
essential to the flavour of beer. The rcfoilt was uniformly the same. The peculiar 
aroma of the hop was always obvious to the smell and taste, but 1 was never able to sepa- 
rate it in the form of an essential oil. 
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caused no chanj^e ; by evaporation, it yielded 15 grs. of a very 
bitter extract. The same lupulin was digested ^gaiii in boiling 
water — animal gelatin added to the filteretl solution, induced no 
precipitate; by evaporation, an additional rjuantity of six grs. 
of the watery extract wgs obtained. 

Kip. S. — The extract obtained in the last experiment, was put 
into pure alcohol, anc> frequently agitated. After 24 hours it 
was filtered ; 10 grs. had be(*n redissolvcd by the alcohol, and 
an insoliibh? mass, weigliing 1 1 grs. was h*ft upon the filter. 

Kxp .^). — Tlie sam{^ lupulin uhicli was used in the seventh 
experiment was now digested in alcohol. The infusion was 
liiglily bitter, and olTi fine yellow colour ; it gave by/jvaporation 
24 grs. ofresin. Jiy digeslnig in a .second pcirtion of alcohol, 12 
grs. more of resin were obtained, less bitter, but utheruise like 
the last. 

Kip. in, — The Inpailm which was tlie subject of the last expe- 
linieiit, after having l)e< n thus boiled in water, and digested in 
alc(4io!, was put inl»> a small retort, and lioiied in two ounces of 
eiiier. \\ ink* boiling, it was lilteu'il into a vi ssel containing cold 
water. Iiy whieh means 12 grs. of wax w ere obtained."’^' 

Kip. 11. — (half an (unice oflu))uli.n was boiled successively in 
water, alcoliol, and ellier. On weighing the ins(4uble re siduum, 
it was fbimd that live eighths of ihe whole had been taken up by 
tht* solvmits. 

Krom the foregoing ( xperimenls, all of which wore, wnth some 
variation, fiecjuently rept ated, I infer, that tht* lujuiliu contains 
a very >nbtle aroma, winch is yielded to v*. ater and to alcohol, 
and which is rapidly di'^sipaU'd bv a high heat; that no essen- 
tial oil can be detoc ted bv distillation in any portieai oi‘ the hop ; 
that the lupulm conlams an extractive maUer, vvliich is soluble 
only in water; that it contains tannin, <gallic acid, and a bitter 
prineijik’, whieh are soluble in waiter and m alcohol ; that it con- 
tains resin, which is dissifived by alcohol and by ether, and wax, 
which is soluble only iii alkalies and in boiling ether ; that it 
contains neither mucilage, gum, nor gum-resin ; tiiat tlie aromatic 
and l)itt(*r j)rop(*riies of the lupulin arc more readily and com- 

E letcdy imbihed by alcohol than liy waUr, and much sooner by 
oth when they are hot than vvlien ihev are cold ; that about 
five-eighths of the whole substance is soluble in water, alcohol, 
and ether, there being about three-eighths of it vegetable fibrous 
matter. These proximate principles exist in very nearly the 

♦ The usual method of sq^arating wax from vegetables, by boiling them in caustic 
ammonia, and tiicn supersaturating the alkali widi vinegar, or with diluted sulphunc 
acid, is tedious, and the results unsatisfactory. The following is a much more easy and 
beautiful process. After digesting the substance in boiling water and cold alcohol, let it 
be boiled in ether, and the solution strained, while boiling, into cold water. The 
whidi is held in solution by boilingtither, is thrown down as soon as the ether is cooled 
by the water, and its specidc gjravity being greater than that of ether, and uian that 
of water, it forms abeaudful partition between them. If the ether be suffered to evapo- 
rate, tlie wax may be taken from the water entire. 
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following: proportions : — In two drams (or 120 grains) of lupulin^ 
there is : 

(irains. 

Tannin /> 

Extractive matter / 10 

Bitter principle 11 

Wax. r 12 

Resin 30 

A W'oody tihrons suhslniice, tu lignin .... 4() 

• Exp, 12. — Two drams of the h aves,^' from \shich all the 
lupuliii had jjecn separated, were <ligested 12 hours in six ounces 
* of boiling water. The infusKui was bitter, and exceedingly 
unpleasant to the tast(^ ; it pn.ssessed none of tin' ni {>matic tlavour 
and pecuhar l)ilt^n' of the lupiilin. When iiltered and e\apori\ted, 
it yickhd five grains of nunsious extract. The same leaves 
were again digested in six ounces of proof spirit : after 12 hours, 
the infusion was filtrated, and, by evu/)oration, yielded five grs. 
of extract, similar to the last. 1'he same leaves were digested 
24 hours in alcohol; the infusioiis manifested none of the sensi- 
ble properties of the hop ; it gave by evaporation four grains of 
extract. The taste of none of the extractive matter obtained 
from the leaves was sufficiently characteristic of the hop to desig- 
nate that it was obtained from that article.T 

From this and other similar experiments leading to the same 
results, I think it is conclusively proved, that the virtue of the 
hop resides exclusively in the lupulin; that the leaves contain a 
nauseous extractive matter, which is imparted to water and to 
alcohol, and which, instead *)f adding to the bitter and aromatic 
flavour of the lujndin, partially neutralizes or destroys it. 

The obvious inlcrenctj from these results was, that the lupulin 
was the only part of the liop esvential to economical purposes; 
an inference su little anticipated, that it became an important 
subject of iiKjuiry, whether that part of the ]dant was duly esti- 
mated by practical blvwer^ — whether it had been regarded by 
auth(>r.s as preferable to the leaves, and if so, what impediment 
or what consideration prevented its being separated from the 
chaff’. 

On making inquiry of a number of brewers in this city, it was 
ascertained that there was about one in three who considered 
this powder useful, in common with other parts of the plant. It 
was known to all that hops wx're used principally for their anti- 
septic powers, or to preserve the beer from acetous fermentation ; 
but neither practical brewers, nor scientific writers on brew ing, 


* ItwiQ be imderetoodthat by the kavcf^re me|iittbe calices which form the flower, 
m that {MTt of the hop commonly ti§ed in brewing. 

f It is neceesory to remiurk that great care was taken to procure the leaves for this 
eiqienment perfectly fVee from the lupuUn, which is ordinarily attached to them in 
abundance* This cannot be done by threshing them. 
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appear to have noticed this substance particularly. By some of 
the former, it is re^jarded as .useless. When at, one brewery I 
asked for some of the yellow powder that was found at the bot- 
tom of the hop bai;s ; 1 was told that I could hnd but little there, 
as but a lew days ago they had swept half a bushel of it from the 
store. • 

1 was now resolved ascertain, if possible, the proportion of 
lupuhu in the uierclianta])ie hop, and also wliether it could be 
completely and readily NOjiaraled fro!u tlie leaves. Accoulingly 
six })()unds of pressed hops were tuLeu Irom the cent re of a bag, 
containing some hundred ]»oun<ls, and exposed to heat till per- 
f(ietly dry. They were then put into a light hag, and by thresh 
ing, ruhhing, and sifting, 1 I ouikm^.s of the pure powder were 
separated in a siioit time, and with veiy little iahour. 

'llinuLi:!! the ([uaiiliiy thus obiained was siirprisingU great, 
there was o!)\ iously a (•oasiih'iabie projnirtion remaining which 
could lUft easily be s(‘paraUd from the chalK If, therefore, the 
hoj)s were gathered wlieu the lupuliii exi^^ted in the greatest 
abundance, aiul, instead of being pressed and packed, were 
exposed to tiu* sun till perfectly diy, tliere is little doubt but six 
pounds would yield a pound of the powder m question.^ 

The foregoing experiments were not completed till late in the 
spring, when the best season for brewing was passed, but with 
the advice, aud by the direction of llobert liurnes, Esq. (an 
expcrienc(;d and scientific brewer, zealous for tlie improvement 
of his art) two barrels of beer were made in wdiich nine ounces 
of the lupulin were suhstitiited for ti\f‘ pounds (tlie ordinary 
quantity) of hops, 'flie result coidiniicd the most sanguine 
expectation. Though the quantity of lupulin w as less than what 
(according to tlie foregoing statement) usually enters into tlic 
same (juantity of wort; ami lliough the weather during the 
montii ot June was unusually warm, aud, therefore, imfavouraiile 
to its presets ation, still the heer, wliich is imvv live weeks old, 
is very tine, it is jileasantly dromaiic and bitter, and iu a per- 
fect stale of preservation. 

To ascertain the preservative property of the lupulin hy a more 
direct experiment, equal quantities of the beer were put into 
separate vials and exposed, unstopped to the sun. To the beer 
in one vial was added a scri^]>Ie oi lupulin. The heer, to which 
none w as added, became nioulily and sour in 10 days ; the other 
was unchanged at the expiration of lo days. 

Having, as 1 conceive, demonstrated that the lupulin 
alone contains the bitter principle and the aromatic tiavour of 
the hop, which are essential to the excellence and preservation 
of malt liquor, and having show n also the feasibility of separating 
it from the leaves to which it is attached ; 1 shali proceed to 

• 

♦ £>fotbing conjectural would here have been intnodueed, but with a view to «^ow, an 
accurately as possible, Uie proportion of lupulin, that die raquuUaqttaiitiiy may be known 
In sasa UahotiM itoainisdtfttid Ibr Oto Itsvm «f 1^ 
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enumerate some of the most obvious benefits which would result 
from these facts should they be found applicable to practical 
use. 

1. It would diminish the expenses of transportation. In this 
the savintj would be enormous. Th(‘^ hops which are now 
brought to this city are cultivated in the eastern states, and in 
the western parts of this state, and the ewense of transportation 
is from one to two cents a pound. This is on account of their 
bulk rather than their wei^lit. Were the lupulin separated from 
the leaves, it being but about the sixth part in weight, and not 
pne-twentieth in bulk, it might 1)0 compressed inti) casks, and 
thus transported with convenience and at a small e xpense. In 
short, the didcrence would not he less than that of sending 
W'heat to market before and after threshing. Might it not also, 
for the same reason, become a poditable artich* <>f exjKUl f 

2. It would lessen the ditHculty and expense r)l‘ storage. Not- 
withstanding tlic pre‘«:ent mode (d’pre^sing hop'^ into bag^ (wliich 
is done not le^s to dimiifish tluur bulk than to ]/rt serve llunr 
virtue) their storage is, as ii e\er h.a> been, an important itcun of 
expcns(‘, us well as a \erv gn at burden to the brewer. 

3. One o])ject in ])ressinn- the ho]) into hags is, to preser\c it 
from tlie injury of tlie air, a long* expONUie to v,hi<‘h, it is >ai(l, 
partially dcstroxs its virtue. M'hatevir may la* the (*aiise, ills 
w’dl kn -wu tlrat tin* ^alue of hops is (uminelicd by ageu 'i'his 
coni'! 11 ',^ re-Jill to tlie lujiulln any mor(‘ than to our nnjxutrd 
leas, VLi'.j it e.acked in casks wlueh would seeore it ptalbetly 
from the air. 

•4. The brewer would (wade an eiiorniou.^ los'^ whieh he mwv 
.sustains iu the woit absorlx d by th<* ho[>s, J)r. Skunnou^ wlio 
has po.iiaps devoted more time and taJamt to the snliji'et of 
brewing tlian any other Ihiglis.h autlioig has (kanon-trand, by a 
series of experiments, tiiut one barn‘1 of wiat is abscMbed by 
fiveiy hfi jxinnds (o‘ ho])s in tin; rolmaiv piocess of in'i‘W ing.'*^ 
The o'ujntity (.'1‘ lieer manufactured annually in Lrauhni is 
upward- of ],■>()(), bairds,]- and the least quantity of hops 
used in making it is two and a half pounds to tin* fan el, or 
3,730, 0l'») pounds; now' as a banel of want contains not less 
than three bushels of malt, it f(»llows thfit the (pianlity of’ malt 
thus annually lo.st by absorption is 1<S7,30() busheU — the j>rice of 
which may he fairly estimated at as many dollais. 

3. It will lessen the temptation to the fraudulent practice 
wdiicli ii<AV jirevails of adulterating beer with other vegetable 
bitters, ^notwithstanding the prolnbitions of ])ailiamcnt there is 
no article; wliich is the subject of such varied and <;\tensive 
fraud in England at the present day as that of beer. As u sub- 
stitute for the hop,;}: the cocculus indicus, quassia and wormwood 

• Vide, T>r. Shannon’s Treatise on Brewing. 

+ Kdinbwrgh Encyclopedia, toI. iL 

t Accum’s TrcfftiHC on the Adulteration of Food. Also, Edinburgh Review, No. 65. 
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have all in turn been used ; but all of them are so far inferior, 
both ill tlieir flavour and in their antiseptic or preservative pro- 

E erties, that th{3 use of all vegetables in the manufacturing of 
eer, excepting malt and hops, is by law forbidden. By the 
improvement which is now proposed, so great would be the 
diminution in the pric? of the hrip, from its beimg made an 
article of easy and chet^p transportation, that there would be little 
indiictunent for using any other article in its stead. 

b. The lupulin is exceedingly latter, but not unpiensant, 
wliereas the nauseous extiactive matter of' the lea\t;s winch, by 
bfiilin^y is impart(ol to tin* beer, is un])]easant to the taste, and, 
w]u‘n higlily con(3('ntrate<J, is Jre(juent]y ungrateful to the sto- 
mach. it is bilievo'd that li u perr.o> 5 s ever relushcddhe ])eculiar 
bitter ot the strong beer, until, by diinkiie:^* it Iiabituahy, their 
l)e('oin(‘s \iliiited, as is tin' ease in the u^e ('!' opiion and 
toba('(’ ). Soon after liops were introduci'd into use in brew- 
ing in i-amland, tlie citizens (>f ieji'don petitioned parliament to 
f(ul)i<i ilnir use in the kingtioin, as tliev weie a nuisance, 
“ tuid '^ptoli’U ihv ((•'/{' {tf llntr eh/y/A/' Tin' leaves thi n are not 
only u^( less, but j»n'judicial to the ilavour of beer. 

< )n the virtues of' this substance as a )ned'u'i}u% 1 shall at pre- 
sent l>\‘ very bn* !’, as it will jiroliably be made a subject for 
futur(' con^ideiation. it has already l>een observed that the hop 
has long lieen legarded as a medu iue ot'soine value. In Fiance 
it has bemi ii^.a! ‘a,> a lonu', and jiro'^cribed in dyspepsia and 
sciolula. In (' mntrv it has bei'ii most valued for its narco- 
tic powers, and usi'd in caries when opium w’as inadmissible, 
'rih' ino>t counnoii pr! [)«naiiou is a saturated tincture of the 
leavo’s. i'o tliN tlieio ai e > imporlant objections : 1. To give 
enouLfh oi' tin; tinctur(M>f die leaves to induce slot!}), the cpiantity 
of alcohol is Jiece‘'sarilv so great a^ soinctiines to do injury to 
the jiatieiit. ‘d. W lu n given in laiy^e iloses, it fre(|uently produces 
nausea, and sonielinK's vomiting. The lirst of these objections 
reipiirt'S no proof; the seiauui is c<jnfirmed by my own observa- 
tion, and by the expi'iiments of i^r. Bryoiley. in his inaugural 
dissertation on the hop. This last effect is probably owing to the 
extractive matter in the leaves, for 1 have never seen it produced 
by the lupulin. 1 have prescribed the powder in substance, the 
infusion, decoction, alcoholic tincture, and the extract. As its 
aromatic and bitter propei ties are imparted to water, the infusion 
i.s an eligible jireparation us a tonic and stomachic ; but if given 
with a desire to produce sleep, the tincture is the best prepara- 
tion. As it has been demonstrated, both by positive and nega- 
tive testimony, that the narcotic principle exists in the resi/t only, 
the tincture should always be made with alcohol and not with 
proof spirit. It is more difficult and expensive to prepare the 
extract than the tincture, •and the latter, in most instances, is the 
most eligible preparation, ^ ^ 

Its virtues are aromatic, tonic, and narcotic ; and it is, 
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believe, the only article in which these properties are combined. 
Our country abounds with vegetable bitters and tonics, many of 
which are more powerful than the hop, but there is, perhaps, 
none which can so properly be denominated a stomachic. That 
family of symptomatic diseases which an) the consequence of 
exhausted excitability, or more directfy of an enfeebled and 
deranged state* of the stomach and bowfds, are certainly much 
relieved by this medicine. It frequently induces sleep, and quiets 
great nervous in’itntioii, without causing custiveness, or impair- 
ing, like opium, the tone of the stomach, and thereby increasing 
the primary di^ea>c. As an an^xlyne, it will be found inellicient 
compared with opium. The saturated alcoholic, tincture, in 
doses of from 40 to HO drups, will induce slecj) with as much 
certaintv as opium in cases (4* hmg watclnng from nervous iirila- 
bilitv ; but the same cannot 1 h‘ said of its eliicacy in n*!ieving 
pain. This sub.'^tance then is not commended as a medicine 
wdiich ought to supersede tiie use of otlua's of ackiuwv ledgccl 
virtue, hut as a useful au\iharv, whicli undouiitedly possess(‘s 
properties in some resjH'ct jieculiar to itself, and as the jiart ot* 
the hop alti»gether preterabie to any otiier, (U* to llie whole as it 
is ordinarily iisc-d in tincture. 


Article V. 

On narioHs Mixtures if Ovt/ muriate of Potass for di^charftng 

Ordnance, 

(To tlie Editor of the Annai^ of i^hilosophif.) 

SIR, Frh. 20, 1H2I. 

OiisKiiviN G, in the last number of the Annafs of Pltili>sophif^ 
some experiments on various mixtures ot‘ <»xymnnate of pfdass 
for discharging ordnance ticcoidingto Mr. Ibasyth's plan, 1 take 
this opportunity to siiggi'st a niixtuie of Howard’s fulminating 
mercuiy', sulphur, and charcoal^ separately reduced to powder, 
and afterwards intirnutelv mixed. Seveial experiments on 
various mixtures of these three ingredients were made in Paris a 
short time since; but as they wa re conducted with g*reat secrecy, 
I was unable to ascertain the use to which they were destined. 
I have seen some granulated after the manner of gunpowder, 
and some made perfectly spherical, in which latter form it 
appeared most energetic. 

if this composition is not generally known, you will, perhaps, 
think it worthy a place in the Annals. I remain, yours, &c. 

T. N.R. M. 

P. S. The proportions of the ingredients best adapted to the 
above purpose might easily be ascerlaiiied by afewe&perimenU* 
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Article VI. 

Aslronovtical and Meteorological Ohsermtions. 
Bj%Col. Ikaufoy, MIS. 

liush^i/ Heath, near Stannwre. 

Latitude 51^ 'M’ 44'.S''' North, litm^itudc W^est in time T 20*93". 


Astronomical Ohserva/ioihy Feh, 0, 1821. 

. < Immersion Oh 13' 28*7" ? ,, , « » 

Orcultation of l)v the moon. . . > Mean lime at rmshey. 

^hmcTMon 7 Oi 0h-i ) * ^ 

'riu‘se (ibhorvatioiis wt'ro tiiadii under very favouralile circiim- 
stances, and the of tlui star at (he instant of iniiiiersion was 
as hiiglit as wlien it was several uiiiuiles distant from the moon's 
limb. 

IJain, lielwemi noon the Isl of Jamiary and noon the 1st of 
February, 2-1 lo inches. Fvaporatifin, during the same period, 
0‘(j8() inch. Mean lieat of January, 37^'. Thermometer, lowest, 
Jan. 4th, = 2P. Highest, Jan. 18th, = 


Article VI L 

0/t the Going of a Clock with a IVuorfc;/ Pendulum. 

^ l\y Col. Beaufoy, FRS. 

(To the Editor of the Annals of Pit ilosopin/.) 

DliAU SIR, liu shelf Heathy SUtnmorCy Fe^. 7, 1821, 

In the Annals of Philosophy for February, 1820, was pub- 
lished the goiiif); of a clock with a wooden pendulum, and also a 
description of its construction ; but as it may be more satisfac- 
tory to have the account of the rate for a longer period than 
12 months, I have the pleasure to send a table of the clock’s 
going, during a second year, and the result corroborates the 
favourable impression I then entertained of its accuracy. 

1 remain, dear Sir, your obliged servant, 

Mark Beauvov. 
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Mi\ Deuchar's Remarks 


[MarcHj 


Article IX. 

Remarkii regarding; the Experiments upon Flame ^ performed with 
the Apparatus for di whanging Ordnance without the Use of a 
Eight or Alatch- Lock, IW Mr. John fDeuchar, Lecturer on 
Chemistry in Edinburgh. 

(To the L^ditor of the Anna/s of Philosophy.) 

SIR, '21^ Ijotfti(Ui^i>{rr<i^ JultHOKt^h., I'ch. 10, IH^I, 

At a nie^^ting of the Wernerian \alural History Society, 
'vvliich yas lield to day, I read tlie condnuation ol* niy account of 
the experiments ])ei’lbrnied with the apparatus for discdiarging 
ordnance, a d(scri})llon of vvliicli was oi\enin the last mnnherof 
the Annals. In thi> papor I ha\c enten'd upon the cause of the 
results vvhicii present theinsehcvS. 1 have endeavoureil to show 
bv cxperinioiits that it is n(;t in the sliglitest degree electrical, 
but that it may, uith more propriety, be ascribed to free caloric 
in a so far insulated or condensed state. 1 have not yet tried the 
whole of the expdinuuits i had (‘halked out to myst if; for the 
proof of this, so far, however, as 1 ha>e goiu', tliey >erify the 
Ronclusion, I have also noticed more fully the nature of the 
flame while in rajiid motion, and the alterations of its efiect 
upon substances by retarding that movenumt ; when its tbree is 
not retarded, it passe-s through many iiiflauiinahles without 
affecting them in the least; but wlien its velocity is so far stop- 
ped as to bring it for a longer time in contact witli the substance 
to be acted upon, then it begins to disj)lay, in a greater or less 
degree, the usual etiects of caloric. 

As you will find the niinutt' detaiK of thest? expeiimcnts in the 
third volume ol'the Transactions of the V\ ernerian ^i utural His- 
tor^'^ Society, to be publislie{l in a few days, 1 should not have 
troubled you with any observations at present, had it not been 
that from wdiat was mentioned al j). of the pre.^emt volume' of 
the Annals f regarding the experiments with wire gauze, it might 
appear that the gunpow'der could not be tired through tlic wire 
gauze used in Sir H. Da% y's safety lamp, w ithout the wire being 
injured. 1 have since found that the wire gauze 1 bought of the 
manufacturer, and which he assured me was the same as that 
used in the safety lamp, was by fur too tine, and that it was ou 
this account the flame sometimes forced aw'ay a part of it. Tije 
following experiments, which 1 extract from the paper above 
alluded to, will remove any misconcention that may have arisen 
on this part of the investigation. The wire gauze I used was 
made of brass ; an inch of. the finest kind contained 70 meshes 
in the length, being 4,900 in the square; and the coarsest kind 
contained SO* in the length, being 1,296 meshes in the square 
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inch. Now upon examining two of the lamps recommended by 
Sir H. Davy, the one with copper gauze, and the other with iron 
gauze, 1 found the former had only 07 (i meshes in the square 
inch, and the latter 784 meshes in the same space. 

Krpcrimcnf 13. — A tube which could be separated into six 
pieces of nearly tlie sam6 length, was screwed to the apparatus 
(Plate 111, p. 8b), makyig the distance from the top, A, to the 
bottom fully 23 inches. A piece of t!)e coarser wire gauze, 
already descril)ed, was put upon the hole at the joining, u, when 
the fulminating powder was exploded at A, the flame passed 
through the gauze, and appeareri at tlie bottomof tlie tube. The 
suine kind ol wiri' gauze %vas in‘Xt placed at a and h at tlie same 
time, and then at a, h, and c, and the liame passed. tlirough all 
the pieces. This ellecl was also obtained when similar pieces of 
will', gauze wvrv put at all the live joinings of the tube at once. 
In this last result, the hist ])iece of wire gauze was 4-’ inches 
I’rom the top, A ; the second, 8-t; the third, 12 ; the foiirlli, lb; 
ami tlie fifth, 23 : and the tlame appeared at tlie bottom, after a 
passage of nearly 23! indies, through five j)ieces of the wire 
gauze. 

El pcrinivnt 14. — As 1 ciiuld not get the flame to pass through 
the whole of the tube, wlieii 1 increiused the joinings beyond 23-1 
inches, it was iiupossihie to try an additional number of pieces 
ol' wire gauze, hy adding them in the same way. I, therefore, 
iiic-reastd the nuinher hy putting more than one at tlie same 
ji»iuing 1 found, upon repeated trials in this w’ay, using the 
tube lo iiudies long (as rejireseiited on the plate, p. 89, hg. i), 
that the flame could pass througli three, six, nine, and tvvelve 
pieces at once : there lieiiig placed one, two, three, and four 
pieces at each of the joinings, «, />, andr. 

Et pcrifiient lo. — Although, by the tw o last experiments, it was 
proved that the flame could pass through the coarser wire gauze 
when increased even to 12 pieces at once, yet it did not follow 
that it was not tliereby altered somewhat in its nature A pro- 
bable change was, that it miglit become inert with regard to 
iiifiammables, as takes plac»j in (he different safety lamps, and 
particularly that of Sir ll. Davy. Several experiments were 
tried to ascertain if’ this suggestion w ere correct ; first, the wire 
gauze was put at a ; then at a and h ; and lastly, at a, b, and c ; 
placing at the same time, during each trial, a quantity of gun- 
powder ill a piece of flannel at the bottom of the tube ; and in aU 
of these I found the gunpowder to be inflamed, and the wire 
gauze not to be in the least injured. 

Experiment 10. — I next tried the result of firing the fulmumt>- 
iiig powder, with tlie finest wire gauze placed first at a, then at 
a and 6, and then at n, &, and c, and found that the flame still 
appeared at the bottom, B ; showing that the gauze, although 
much finer than that used in Sir H, Davy’s safety lamp, was not 
impervious to this flame. In some of the experiments I found a 
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hole to have been made in the centre of the wire gauze, and 
sometimes th^ parallel wires were forced wider. Tlws was very 
often tlie case when apiece of wire gauze was put at all the join- 
ings, cif 0» and r, and then it was the gauze at a which was torn 
or otherwise injured. 

Expert me ut 17. — In order to asccrtaiif if (heHame still remained 
unaltered, notwithstanding its having pifs.'sed through tlu* tinest 
wire gauze, a quantity of gunpowder in ilannel was atlixed to the 
bottom of the apparatus ; and it was iiiHanied through one, two, 
and even three pieces of the gauze. Here the same occasional 
appearance, noticed in tlie last experiment, occurred u ith regard 
’to the upper piece of wire gauze. 

• I am, yi)iir?> respectfully, 

John Del char. 


Article X. 

On a Machine lo measure a Ship's Wat/ by the Log Line, 

.By Mr. L Newman 

(To the Editor of the Annah of Phi lost qihi/,) 

DEAR SIR, 

I oBsr.RVK in the last number of the Jinnah of Philosophy a 
paper referring to the account J have given of a machine to 
measure a .ship’s way by the log line, in whicli a prior claim to 
iniiie is set up for the invention. This I conclude to arise from 
the circumstance of my not having mentioned the date of the 
instruments I made ; and from it your correspondent supposes 
that the date of the publication of the paper is that of the 
invention. 

It is now at least 40 years ago since 1 invented and made the 
first instrument in question. Hubbard, then of the Hast 

India service, had tlie lirst of them, and between the years 1785 
and 1798 they were publicly sold by Messrs. P. and J. Dollond, 
and Mr. Georgx* Adams, with their names on them; but my 
account book of that time is destrfjyed. My present account 
book begins in 1794, and 1 find that ‘Messrs. Dollonds had one 
of the instruments on Sept. 4, 1797 ; and another on the 27th of 
the same month. Tlicse dates can no doubt be easily verified 
by reference to their books. 1 made several, perhaps 16 or 18, 
between the dates I have mentioned, but my attention being 
called to other things, I did not pursue the subject with any 
degree of earnestness. I reine^mber that Capt. Clayton had one 
of the first that I made in the year 1785, and he recommended 
me to take it fo Sir Charles Middleton, at the Navy Office, 
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Somerset House, who spoke well of it, and advised me to take 
it to the Admiralty ; but 1 did not pursue the matter further. 

As the only question is merely as to the date of the invention, 
and not to any imaginary superiority in principle, I need not 
direct attention to the supposed advantage of either one or the 
other instruments. * 1 am, dear Sir, 

^ Very respectfully yours, &c. 

J.Ni:wman, 


Article XL 

.On the compai'nlhe Advantages of illuminating hy Gas produced 
from Oil and from Coal. By M. Ricardo, Esq. 

(To the Editor of the Annals of Philosophy.) 

DEAR SIR, 

Thk utility of employing gas for the purpose of illumination 
is no longer a subject of doubt, but from what substance it is 
most advantageously obtained, whether by decomposing oil or 
coal, is not yet decided by men of science. 1 have, therefore, 
been induced to enter into an examination of the comparative 
advantages of the two in order to draw the attention of those 
who are engaged in the formation of gas light establishments to 
the subject, and to enable them to arrive at a tolerably correct 
opinion, which it would be most advisable to adopt. 

It is my intention to consider 

1. The qualities of the two gases for producing light. 

2. Tlie comparative facilities with which an establishment for 
the production of either may be carried on. 

3. The capital required for such establishments. 

4. The comparative cost of the two gases. 

o. Which is most desirable in a national point of view. 

The gas produced from oil is much purer, and contains a much 
greater illuminating powder than that from coal. The quantity of 
light produced from a given portion of oil gas is stated by an 
eminent chemist to be equal to three times the quantity pro- 
duced from coal gas : from the result of ray own experiments, it 
is equal to four times ; for I have found that an Argand burner 
giving a light equal to six candles, six to the pound, consumed 
one cubied foot in the hour. Mr. Accum, in his work on Gas 
Lights, p. 276, states that an Argand burner of coal gas giving 
a light equal to three candles, eight to the pound, consumes two 
cubical feet per hour. Then as one foot of oil gas is equal to 
six candles, and two feet of coal gas are required to equal three 
candles, it follows, if the candles were even of the same siaw, that 
one volume of oil gas is eqoid to four of coal in illttminatix^ 

New Serimfj vol. i. o 
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ypower. If we take the ntean of these statements, it will be 
one to three ajad a half ; that is> 20 oube feet of oil gas will gi^ve 
ma much light as 70 of coal gas. 

Oil gas requires no purihcation ; it contains no sulphuretted 
Itydrogeii which is one of the admixtures of coal gas, and of this 
all the purification to whi<‘h it is submitted cannot wholly 
deprive it ; the coal gas, therefore, acts upon all metallic sub- 
stances, and in the course of time must seriously injure the 
pipes through which it passes, anc^its accidental escape in shops 
and houses must prove highly detrimental to all ornamental 

f ildings, paintings, or any thing of which metals form a part. 

his cannot happen where oil gas is used ; for it contains no 
sulphuretted hydrogen, and it is well known to have no action on 
metals whatever, it may be said, that the mode adopted for 
purifying coal gas effectually deprives it of this noxious gas; but 
expel ience has proved that this is not the fact, as in many places 
the smaller copper pipes show evident marks of being strongly 
acted upon, the bore being graduaPy filled up with sulphuret of 
copper. As this process takes place slowly, the dmimutiou of 
light is not immediately perceptible, but it will become very 
evident after a time ; and it may be expected that after the lapse 
x>{ a still longer period, the same evil may arise in the larger 
pipes, as iron is also liable to the same corrosive iiiHueiiee from 
its contact with this gas. llie admixture of sulphuretted hydro- 
gen with coal gas must prevent its general introduction into 
houses, as the sulphurous acid gas, wiiich is given outdaring its 
jcombustiun, would prove very annoying in a confined room, 
besides which, from the consumption of so much larger a portion 
of coal than o.I gas to produce the same buht, a greater quantity 
of moisture is generated, and imich more heat is given out. 

From the above stattuiu nl, it is very evident that the smaller 
bulk and greater purity of oil gas will allow ofils employment in 
dwelling houses without its producing the least inconvenience. 
If the pipes are w ell fitted together and properly proved bef<n'e the 
gas is admitted into them, no aanoyuuce whatsoever need be 
^apprehended ; and if a cock should be accidentally left open, 
and the gas allovve^d to escape, it may be immediately remedied 
without leaving so unpleasant a smell as that arising Irom tlie 
-similar escape of coal gas. 

Wiien any new improvement is introduced, we are too apt to 
|>hice any possible inconvenience that may result from it in an 
^xagge^rated point of view, and wholly to overlook those we are 
labouring under, and w^hich it is intended to supersede. Thus 
the only possible inconvenience that can retviilt from the use of oil 
•gas is that which 1 have before mentioned, an accidental smell from 
carelessness, instantly detected, and as instantly remedied — an 
JBconvenience to which w e are equally liable in our present mode 
-of lighting, in addition to which tiiere is the trouble of ti'inimin^ 
Uie lamps, the chance of spilling tlie oil, oat « very unfi eqaetst 
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occurrence, and many other disasters both in the use of ©H 
and candles, from all of which gas is exempted; and when the 
prejudice arising from the use of coal gas is once removed, and 
the greater advantages of oil gas generally known, there is no 
doubt its great convenience, superior brilliancy, and cheapness, 
will cause it to 8uperse?le all other modes of lighting, and before 
long, its univ' rsal introduction into «l welling houses may be con 
fidently rehed upon. 

The second p lint for consideration is tlie comparative facility 
willi which a coal or oil gas establishment may be carried on. 
The process for producing gas from oil is very simple. The appa- 
ratus is easily managed, and consists of an iron retort heated 
over a fire : a very few days’ experience will teach a coiiinion 
working man how to regulate the heat. This retort is connected 
by a tube with the oil cistern, from which a small drop of oil 
passes into it. The quantity is regulated by a graduated cock ; 
there it is decomposed and converted into gas. Tliis passes 
through another tube at the other extremity ot the retort into a 
condensing vessel, where, by a simple contrivance*, the oil that is 
only volatilized returns back into the oil cistern ; the gas is then 
conveyed into a wash vessel, where it passes through water to 
de[»osit any oil, or other condensible vapour, that may have come 
over with it, and from thence it is conducted into the gasometer 
for use. 

(Joal gas is produced by putting a certain quantity of coal in 
an iron retort placed over a tire. The coal is decomposed; tbe 
gas passes over into a large vessel, where it deposits its tar and 
animoniacal liquor; it is then conveyed through a mixture of 
lime and water to deprive it of tlie sulphuretted hydrogen which 
is mixed with it, a most troublesome and offensive operation: 
after this, it is passed through water, where it is more effectualty 
washed, and from thence it is transmitted into the gasometer. 
These are the processes required for producing the oil and coal 
gas ; but we shall better understand the trouble attendant on the 
latter by a comparative view of two establishments for a thousand 
lights each, one for oil, and the other for coal gas, each light 
consuming annually, upon an average, 2u0(l cube feet of oil gas, 
and 70l)0 cube feet of coal gas. The whole annual consumption 
of the one would be 2,0d0,00U, of the other 7,000,000 cube feet. 
The quantity of light required in winter is of course much gi^ater 
than III summer, and either establishment must be made upon a 
Bcale to meet the demaiTd that may be necessary on the shortest 
days. The fortnight before and after Christmas, or about that 
time, may be taken as the month of the greatest consumption ; 
and we may assume that during this month, nearly one-fourth of 
the whole quantity would b<? required. 1 may mistake in this 
estimate, but it can be ofaio consequence, as it will equafly aj^y 
to both establishments. The average quantity of oil gas required 
would be, during that time, 'Someadiat wbove 16,000 cube feet 
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per night, and rSfiOO of coal gas. To produce that quantity of 
the foniiei-, eight or 10 retorts would be sufficient, each retort 
iiiK feet long, and six inches diameter. One of this dimension 
would, if necessary, produce 3000 feet per day, but it is found 
more advisable not to work them to their full extent, and always 
to have some in reserve. One gasometei^bontaining 12,000 cube 
feet, or two of 6000 each, would bo required. I'he oil cistern, 
the condenser, and wash vessel, are so constructed as to occupy 
but very little space, the condenser being over the cistern, and 
the wash vessel under it, the gasomete r oc'cupying by far the 
largest portion of room. Fi\)ui the lepeated Inals in various oil 
gas establishments, it has been ascertained that 10 gallons of oil 
produce 1000 cube feet of gas, and recpiire one bushel of coals 
fpr decomposition : 2,00{;,(j00 feet of oil gas, therefore, would 
require 20,000 gailoiis of oil, weighing between 78 and 70 tons, 
and 74 tons of eoal ; so that about 153 tons of materials would 
be annually wanted in this eslablishua nt, all of which would be 
consumed, tu* converted into gas. 

In the coal gas works, 10 retorts at least would be required.* 
Each retort is six ieet long, and one foot in diameter, and would 
be charged with two bushels t>f coals, which quantity would 
require eight lioiirs for dc'coiuposition. At the end of this time, 
the coke would be removed, and frtsh coals put in. The above- 
mentioned quantity of coals would give out 560 cube feet of gas, 
estimating 10,0i)0 cube feet for every chaldron. The utmost 
quantity of gas vvhieli one retort ctmid produce would be 1680 
cube feet, working night and day without intermission : 34 is the 
number actually necessary ; but in an estabbshinent like this, 
the wear and tear would always be requiring some to be 
replaced, 1 have, therefore, taken the number at 40, The vessel 
to receive the condensed tar, oil, and aiunioniacal liquor, must 
be of considerable size, as also those fur burning the gas, and 
for washing it. i)iiv gasometer of 40,000 cubic feet, or two of 
20,0(JO each, would be scarcely sufficient. To produce 7,000,000 
cube feet of coal gas would require 700 chaldron of coals, and 
175 for carbonisation, wcigliiug altogether 1,181 tons, besides 
50 tons of lime lor purifying. 

In a coal gas establishment there will i>e a conveyance 
required for 1230 tons of materials, the greater part of whicli are 
returnable in bulky articles, such us coke, tar, ammoniacal 
liquor, for each of which a market must be found, as the greater 
part of our estimated prolit is derivable from them ; and of the 
two latter articles, the product is already so great as very far to 
exceed any possible demand for them: so that a further convey- 
ance 18 required for more than three-fourths of the above esti- 
mated materials, and large premises and reservoirs to contain 
them till disposed of. Added to these, there is produced a very 


See Pcckston on Gas Lights. 
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large quantity of hydrosulphuret of lime, which is extremely 
offensive and quite useless. In the oil gas establishment, the- 
conveyance of 163 tons of materials is all that is required, the 
whole of which is consumed, and the entire profit derived from 
one product only, and that the sole object of manufacture. 

From the above investigation, it is clear that on this point 
also the oil gas must infinitely preferable as deriving its profit 
from the consumption of materials of small bulk, and the product 
being only one article readily disposed of. It is, therefore, I 
think, evident, that such an establishment must be carried on 
with much less trouble than where the materials are extremely 
bulky, and the profits derivable from various articles, some of 
which arc disposed of with difHcultv, and are together almost as 
bulky as those from which they were originally produced. 

From the foregoing statements, it must clearlv appear that the 
capital required for the establishment of an oil gas work must be 
considerably less than would be necessary for one of coal gas. 
The fevvi r retorts, the smaller size of the gasometers and convey- 
aiu c pipes, the much greater simplicitv, and consequently cheap- 
ness of th(‘ a])paratus, together with the very little labour 
and superinteiideiKre recjuired in works even upon a very large 
scale, prove clearly, and uitliout any further comment, that the 
capital requisite in the one will, as already mentioned, bear no 
proportion to that necessary in the other. This is an object of 
some consequence to tliuse embarking in such an undertaking, 
as the risk of loss in case of failure is com[)arativeIy small, and 
consecpiently less ddliculty will be found m I’orming an oil than 
a coal gas establishment. 

The next subject for consideration is wliich is the more eco- 
nomical method I and it may appear surprising to many that 
light from oil gas cun be afforded to the consumer as cheap as 
that from coal, and at the same time yield as great or greater 
profit to the Company supplying it. This is, however, the case, 
though we have not such satisfactory data to go upon as to make 
it clearly demonstrable, from being unable to ascertain what the 
profits of the Coal (ras Companies really are, and which can only 
be assumed froin the known dividends which are made upon 
their shares. The difficulty of calculating profits must always 
be increased wdien they are derivable from an average of various 
articles, for some of which there is a fluctuating demand, and 
which, from their increased production, are likely to diminish in 
value. From some known data, it is supposed that the cost of 
coal gas to the Companies, reckoning the sale of coke, tar, &c. 
woula be about 10.s\ per 1000 cube feet; the selling- price is esti- 
mated at the rate of 15.?.* : it may be more, but is certainly not 

* Since writing the above, I hai^ been informed, on good authority, that in lome e^ 
the provincial cities and towns, the selling price of coal gas is estimated much higher 
than 159. per lUUO cube feet. This is what may be expected, fat dbould the s up|^ oi 
coal gas become much greater, in consequence of an mcreaied dflmahd for it, 
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lets than that. This would give them a profit of 50 per cent^. 

3 K>n their capital. The highest return quoted, which is of the' 
ristol Gas Works, is but lO per cent. ; and the chartered ConW' 
pony in London, which possesses advantages superior to any, 
only divides eight per cent. It is difficult to account for this ; 
but on tl>€ supposition that the making of the gas must cost 
tliem much more, or that there must be Some misinanagement, 
or considerable waste. We will, however, assume that it only 
costs 10s. per 1000 cube feet. 

The profit and loss account of an oil gas establishment may be* 
oftlculated very easily. Ten gallons of oil will produce 1000 
cubic feet : this may be considered the average quantity, and 
taken from the result of various trials where oil gas js used. Oil 
suitable for the purpose may be now procured for 20/. per ton. 
but as the pric e of oil at present is very low, and may not be con- 
sidered a fair average, eve will take it at 2.*.)/. per ton. or about 2^. 
per gallon. I'he cost then for jiroducing lOOO cube feet of oil 
gas will be as follows : 

j£ s. fi. 


10 gallons of oil at 2s. per gallon I 0 0 

1 bushel of coals 0 1 () 


Labour, wear and tear, and contingencies. . . 0 5 0 

17 0 

At the present price of oil, the cost would be much less. 
Should oil advance beyond the sum at which I have averaged it,, 
it will be of course greater; it may also be thought that I have 
underrated the expenses of wear and tear, labour, and contin- 
gencies ; but the estimate is founded upon the data afibrcled by 
works upon a small scale, and their expences generally exceed' 
those of a larger description. Further, to meet those objections^, 
I will take the cost of JUOO cube feet at 30.v. : this is equivalent 
to 3,500 cube feet of coal gas, which at lO.s. per 1000 will costl 
354»*. giving a balance in favour of oil gas of 5.v. upon those pro-- 
portionate quantities. 

In enumerating the advantages of oil gas over coal, it may not 
be irrelevant to consider it in a national point of view, as a nuri* 
8fery for our seamen ; supposing in every other respect the baJanca 
of advantages to be equal, this would give the oil gas a decided, 
preference. 1 am aware that this advantage may be purchase<L 
too dearly, and that when coal gas was first introduced, its greaL 
superiority over other modes of lighting made it desirable tlxat* 
the benefit resulting from the fisheries should in a degree be^ 
relinquished, but now that other circumstances concur in mukm 

m intFSMcddeiaand Ibrooktix Uc, imeof vRlfigewhile liMt 

tlif^ilaMWAfticlM wiR sad the km maumtd U|KnrthoM anklci iximt brauuk up iei 
0I» edirauced the gas. Thh itnemrudmca would 
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ing the use of oil preferable, there can be no doubt of the 
propriety of considering tbia as au additional motive for prefer* 
ring oil gas. 

ft has been suggested by some intelligent gentlemen, whether, 
if the use of oil gas should become very general, the supply of 
oil would be adequate to the demand ; and whether, from the 
increased demand, the price would not be considerably enhanced. 
When coal gas was introduced, the demand for oil was diiui* 
nished ; and the capital employed in that trade was diverted 
into other channels for the supply of the coal gas. It is verji 
clear that should oil gas become generally adopted, part of this 
capital will again revert to its former employment as far as it 
supersedes coal gas ; but where it only displaces lamps, no 
change will ensue ; and where it is substituted fur candles, the 
use ol' tallow will be exchanged for that of oil. 

After perusing the foregoing observations upon the company* 
tave advantages of oil and cual gas, and which 1 have endea^ 
voured fairly to state, I think it will be generally infeired that 
the former is greatly preferable to the latter; that on every point 
in which 1 have examined them, it has the advantage ; that it is 
much purer and better adapted for every purpose of lighting; 
that it IS piepared with much greater facility; that it requires 
much less capital to establish works ; that it may be producedi 
mure economically ; and that it is also more advantageous in s 
national point of view. 

1 feel some reluctance in offering this paper to you for iuset^ 
tion in the Annals of Pbiiosophy, as the subject of it cannot ba 
considered as purely scientific ; but as the object of science ia 
to add to and im|)rove our comforts and enjoyments, it may nob 
be wholly foreign to your object to point out what scientific 
improvements are most likely to effect this. From the same raoliw 
1 might also be deterred from subscribing my name, but the bauv 
supposition that you, or your readers, should, for a moment, cona 
ceive that the writer of this was influenced by interested motives 
in seeking publicity to it, would induce me to overcome every 
feeling of reluctance on that head. 1 trust my name will be ai 
sufficient guarantee that I have no other motive for publishii^ 
this than that which every one interested in scientific improve^ 
ments, and their adaptation to the uses and comforts- of socie^ 
must feel. 


M. Rtcki 
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Article XII. 

On a peculiar Substance obtained during the Distillation oj 
Nitric Acid. By M. Julift, of A ho. 

I HAVE observed cl iiiing the distillation eS nitric acid from a mix- 
ture of crude nitre Avith calcined sulphate of iron, that when a 
peculiar kind of the calcined vitriol (known in Sweden under the 
name of calcined aquafortis vitriol, >io. w as used, the first 
conducting tube f "as lined with a yellow^ substance, which 
proved to he sulphur; the second tube bcc.aine internally 
covered vvitli Hne white featluTv crystals, nearly resembling the 
icy film foiined upon w indow s on a colci winter morning. 1 col- 
lected this substance by Avashing the tube with water; the 
quantity obtained by each distillation was exceedingly small, 
amounting to only a few grains. This substance is white, consists 
of small fibres, wiiicli adhere to each other, and it feels soft to the 
touch; it sinks slowly in water, and is insoluble in it, whether 
cold or boiling, but the \ apour of boiling water carries up a small 
portion olTt. 

It is tasteless, but has a very peculiar smell, which 1 have 
some difficulty in comparing with any other substance, hut it 
somewhat resemliles that of spermaceti. Muriatic acid dot's not 
act upon it ; nor dues nitric acid of spi cihc gravity 14b, but the 
acid, after having boiled with it, shouted some slight traces of 
sulphuric acid on the addition of nitrate of' barytes. When 
boiled in concentrated sulphuric acid, it sublimed through it 
unchanged. 

A strong solution of caustic potash dissolved a very inconsi- 
derable portion of it, and gaAe w ith acetic acid atrdhng precipi- 
tate, which was too small to be examined, e\cej)tmg as to 
colour, and fromtliis and a slight smell of sulphuretted liydrogen 
gas, I judged it to be sulphur. 

Oil of turpentine dissolves it easily, w'hen heated. On cool- 
ing, a great part crystallizes in small needles ; it also dissolves 
easily in boiling alcohol cT 0*8 Hi. On cooling, the greater 
part is deposited in crystalline fibres, but a small portion re- 
mains dissolved ; for the solution, on being poured into water, 
renders it turbid. Tlie alcoholic solution, when distilled with a 

g entle heat, left the greatest part of this substance m the retort, 
ut the distilled alcohol still retained enough to render water 
turbid by precipitation. 

V,- • 

* This vitriol crystalli/cs in the water cf the mine of Fahlun, and collected from the 
rock after the water has been pumped out, it is impure, and contains generally a small 
portion of pyrites. c 

*)* The distillalron is carried on in dn iron retort, witli a receiver connected by gUuB 
tubes in the manner of a Woulfe*s apparatus. 
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Held in the flame of a lamp, it burned with a greenish-blue 
flame, giving a slijrht smell of oxymuriatic gfts; and when 
heated in a glass tube, ' it melted, boiled, and sublimed in 
needles, at a heat between 350® or 400®, and it sublimed slowly 
in Jong needles withouUmelting at a heat of about 260®. 

Potassium burned with a vivid flame in its vapour in an open 
tube ; a great quantitJy of carbon was deposited, and water 
poured upon it gave, after saturation with nitric acid, a copious 
preci{)itate with nitrate of silver. 

The small (|uantity which 1 have as yet obtained of this sub- 
stance, and want of leisure, ha\e prevented me from making 
more experiineuts upon it; but I purpose doing it as soon as the 
one and the other are more at my disposal : till then, 1 suspend 
forminn; any opinion of its composition. In some respects, it 
seems to resemble the perchloride of caibon which Mr. Faraday 
has lately succeeded in producing, and has so ingeniously 
examined. 

It IS ratlur strange that sulphur should sublime unaltered in 
tile vapour of nitric aeid, as I ha\e mentioned to occur in the 
case of this distillation of nitric acid, but it is really the fact,, 
and may be accounted for by want of water for the sulphuric 
acid to combine with.* 


HlApentneith on the (tL<)x:c dcscrihcd Suhstauce, Ry R, Phillips, 
1^’RSl^. jjvc. and AI, Faraday, Chemical Assistant at the Royal 
Institution. 

In order to purify this substance, a small quantity of it was 

f iassed in a state of vajicur over hot lime. By this operation, a 
ittle sulphur, muriatic acid, and other impurities, were separated. 
The pure substance obtained w^as dried over sulphuric acid in the 
receiver of the air-pump, and it had then a white crystalline 
appearance; by subjecting it to heat, it was volatilized, and 
then condensed, in beautiful aciciilar crystals. 

In the substance thus purified, there remained no traces either 
of chlorine or sulphur, as described by M. Julin, and it exhibited 
the follov’ing properties : It burned with a strong bright flame; 
at a heat bebuv redness, it sublimed without undergoing any 
change ; when passed through a red-hot green glass tube, there 
was a slight appearance of decomposition, a small quantity of 
charcoal being deposited, and the substance became brown, but 

* On his departure for the Continent, M. Julin left the above account, and als9 
aome of the substance which he has described, in the hands of the Editor, with jperisds- 
•ton to make use of both as he wished From the circumstance mentioned by M* JoUn 
of its appearinf^ to resemble the perchloride of carbon, the substance In questioti waa 
shown to ill. Faraday, and with nis assistance the additional experiments now described 
were BMde. 
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iti crystallized and appeared to have sufi^red but little change ; it 
sms soluble in dtcoluil and etlier, as described by M. Julin. 

A portion was repeatedly sublimed in a small retort tilled witli 
chlorine, which was in several parts made red-hot, but even at 
this high temperature, it suflered no change by the action of the 
cbloriiie, and when left to cool, it reappeared in its original state 
of small white crystals ; a minute portion was raised in vapour 
over mercury, mixed with oxygen gas, and detonated by tliei 
electric spark ; no charcoal was separated, and we found that ant 
excess of oxygen had been employed. The volume of residual 
gptS'Was precisely equal to that of the oxygen employed. Thiai 
ms, excepting a small portion of pure oxygen, was absorbed by> 
lime water, in which it caused a white precipitate, and conse-^ 
quentiy it appeared to be carbonic acid gas. This experiment 
was several times repealed with similar results. 

A small quantity of this substance was passed in vapour over 
red-hot peroxide of cop|>er ; a considerable portion was volati-* 
lized without being decomposed ; the gas obtained fniin that 
part which suffered decomposition possessed the characters ofi 
carbonic acid. 

The very minute quantity of the substance which remainitd^ 

E re vented any further attenip to examine its nature ; and the* 
nowledge we have of the mode and circumstances of its forma-* 
tion has not been sufficient to enable us to form it. 

Although it would be premature to give a strong opinion aa 
to the nature of this substance, yet the striking peculiarities it 
presents with heat, chlorine, and oxygen, have made us anxious 
to form some idea of its composition. We are acquainted with no 
compound of hydrogen that would present similar phenomena 
when heated in chlorine gas, nor do any of the compounds of. 
carbon exhibit the same results with oxygen gas. 

The substance in question may possibly be a compound oF* 
carbon with oxy^en and hydrogen, in the proportions required* 
to form water, and the circumstance of there being change aC 
volume on detonation with oxygen gas, might, on this suppoai^^ 
lion, be accounted for; but it is difficult to suppose that such a 
compound would pass through a red*hot tube, or suffer exposure 
to a led heat on chlorine gas without decompesition. 

It may be allowed us to remark, in the uncertainty which was 
feel respecting the nature of this substance, that tiie appearances 
which it presents would agree with the idea of its being a simple* 
body : in this case, it may be either a new form of carbon, or m 
peculiar substance analogous to carbon. We venture, however^ 
these, ideaa without putting any confidence in theoi^ Wet^eeter^ 
tain hopes of being abfe to procure more of the substance, an# 
we: shall then examine its properties minute attention^. awC, 
dateraiiiia the characters of the products which, it gives by daha»* 
nation and other modes of treatment* 
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Article XI IF. 

Resen rv/ies ou the Compos lion of the Prnssiales^ or ferrogiuoue 

JJ t/divc i/a nates . liy J. Berzelius. (From the Aunaies de 

Chiiuie, vol. xv. p. 14^, New Series.)* 

The discovery of cyanogen and of the composition of hydro- 
cyanic acid, which we owe to the genius of M. Gay-Lussac, is 
certainly one of the most interesting that has been made in our* 
time, particulaily since this acid is found on the confines 
between those combinations which have an organic origin, and 
those whose origin is purely inorganic. The comparison of cya- 
nogen with those bodies, w hich become acids by their combina- 
tion with liydrogen, has simplified thetlieory of hydrocyanicacid, 
and of the phenomena produced by its decomposition ; but never- 
theless, the researches subsequent to those of M. Gay<-Lussac^ 
whose object w^as to throw more light ou the subject, have by- 
no means been made with sufiicient care, fully to explain the^ 
nature of the salts called ferruginous hydrocyanates, the most 
important of the combinations of hydrocyanic acid. 

We owe a multitude of important observations on the nature 
of these salts to Mr. Forretl. He found that the hydrocyanatea> 
can combi ne with sulphur, forming a particular acid, whose 
existence, and some of its properties, were known before ; but 
in what the ditfereiice between this and hydrocyanic acid con-' 
sists was far from being suspected. Mr. Porret was led, more- 
over, to conclude fnim his experiment, that the iron which enters 
into the composition of ihe fermiginous hydrocyanates, does not. 
exist in them in (he stale of oxide, but in its metallic form com- 
bined with the carbon, hydrogen, and azote ; and that it is, con- 
sequently, one of the elements of the acid in which the iroii^ 
jibys an analogous part to that of th& sulphur in the preceding 
compounds ; and, therefore, an idea of the hydrocyanates being: 
salts with two bases, of which oxide of iron ia always one, ia« 
incon^ecL Several memoirs have been published on this subject^ 
by Mr, Porrett, in Thomson’s Annuls the principal results of 
which 1 shall detail. 

He at first found ferruginous hydrocyanate of potash eoia^ 
posed of 

Ferruginous hydrocyanic acid (ferru^ 


rested chyazic acid^ • • 47*66^ 

Potash 39*84 

Water, 13^ 


The same salt^ analyzed 1>y M, Ittner, gave 

* Truiilated from the Memoin of the Academy of Sdeseei of StoddMlm, Snr dii 
year IS19, p. X4S. 
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Hydrocyanic acid 11 

Hydrocyanate of protoxide of iron 38 

Potash 39 

Water 12 


Thomson, who adopted Porrett’s idea of the value of the fer- 
ruginous hydrocyanic acid, examined th6 composition of hydro- 
cyanate of potash, and obtained from it the following results : 


Acid 
Pqtash . 


T roil 

Gas 


Water 


13*0* 1 

30*9 / 


40 - 90 ^ 

41*04 

13*00 


Dr. Thonisoni states that during the decomposition of this salt 
by anotlier acid, a portion of the hydrocyanate of iron is volati- 
lized with ‘such rapidity that when he jioured nitric acid on the 
pulverized hydrocyanate, the acid in the flask from whit h he 
poured it was coloured blue by the vola alized prussiate of iron. 
Dr. Tiiomson endeavoured to analyze the acid, by burning the 
salt with l)ase of potash in the oxide of copper in a tube ot the 
same nietul. Five grains of the (TVstallized salt gave o*20o cubic 
inches of’ carbonic acid gas, and 2*42 cubic inches of azote, with 
2*2 grs. of water, 9*f).3 gr. of which weie derived from the water 
of crystallizatiuii of the salt. This experiment gave 2^ vidiimes 
of carbonic acid gas fur one volume of azotcj exclusive of the 
carbonic acid retained by the alkali, of which no account was 
taken, nor, as far as appears, any deduction made, for the atiiio- 
sphenc acid contained in the apparatus at the beginning of the 
experiment. 

Dr Thomson concludes from it, that the acid of these salts 
contains, besides the iron, the same elements, and in the same 
proportion as the hydrocvanic acid, because he sup[)oses that 
one fourth of the volume of carbonic acid gas, that he found in 
excess, might be an error of observation, and that the quantity 
of water, which is four times gn^ater than the quantity admitted 
by this supposition, was derived from the coiks with wliich the 
opening of the cofipertube w as closed, so that its hygromctrical 
water might have mixed with the products of’ the analysis. 
However when Thomson made his calculations from the results, 
and distilled the carbon and hydrogen, which did not coincide 
with the theory, the weight of the iron did not accord with the 
chemical proportions. ** This,'* lie says, “ is the hrst compound 
which I have met with that does not seem reconcileable to the 
atomic theory. 1 invite chemists to the further investigation of 
it. There are no facts so likely to Ipad to the improvement of 
the science of chemistry as' those which contradict our received 


So in tht French. 
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opinions/'’*' to which it appears to me he should have added^ 
with the exception of those cases in which the discordance is 
tile result of an ill-made, incorrect experiment/' 'whenever the 
science derives a truly negative advantage. 

Mr. Porrett also soon endeavoured to prove Thomson's analy- 
sis inaccurate. He, on* this occasion, analyzed the salt of 
potash by a solution of tartaric acid in alcohol, and determined 
the quantity of potash by the supertartrate of potash produced. 
The following is the result of his analysis : 


Ferruginous hydrocyanic acid 50*93 

Potash 35*48 

Water 13 


He had found that the ferruginous prussic acid might be insu- 
lated by this oj)eration, and that it gave cubic crystals by spon- 
taneous evaporation. In an analysis of this salt by oxide of 
copper, he obtained four volumes of carbonic acid gas for one of 
azote; w'heiice he concluded that the acid is composed of one 
atom of azote, four atoms of carbon, one atom of hydrogen, and 
one atom of iron. He attributed the deficiency of carbonic acid 
in Thomson’s results to his having emphiyed too small a propor- 
tion of oxide of copper. 

Lastly, Mr. Porietl published a further memoir on this subject, 
in wliicii he again corrected his former results as follows : 

Ferruginous hydrocyanic acid *W*bOJ* 

Water 13*00 

Repeating the experiment of burning the salt with oxide of 
copper, he constantly obtained four volumes of carbonic acid gaa 
for one of azote ; whence he concluded that the acid is com- 
posed of four atoms of carbon, one atom of azote, one atom of 
hydrogen, and half an atom of iron; but this half atom of iron 
not being consistent with the atomic views, he conceived his 
experiments to be sufficiently exact and positive, to decide, con- 
trary to conclusions derived from less complicated and easier 
experiments made directly on iron and its oxides, that the weight 
of the atom of iron is not half what it h*ds heretofore been admit- 
ted to be, or one- fourth of that laid down in my tables ; whence 
he concludes that the protoxide of this metal is composed of two 
atoms of base and one of oxygen, and the deutoxide of four of 
base and three of oxygen. 

M. Vauquelin also made many researches on the prussiates; 
and his treatise on the subject is full of interesting facts ; but he 
did not employ himself in determining the proportions of its 
elements, which is the principal object of the present memoir* 
He fouhd that prussian blue, contrary to what Gay-Lussac had 


• dnnult qf voL xth 1 1& 
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^liiideavmred to render pii>bable, is a prussiate^ and not.a ejanu*. 
tseset. Vauqiielin thought, moreover, that he had discovered that 
^those bases capable of decomposing water at the common tem- 
perature of the atmosphere give hydrocyanates, while the others 
'give only cyanurets. 

The last work on this subject that has come to my knowledge 
JiB-a note by M. Robiquet on the composition of pmssiaii idue. 
In it he confirms the results which M. Proust had derived from 
his experiments on the prussiates, made long since, and among 
others this, that the white prussiate of iron contains potash. 
M. Robiquet showed that this prussiate without potash may be 
* obtained in the form of small crystalline grains, of a yellow 
colour, by exposing prnssian blue for a long time to the action of 
•*«ulphuretted hydrogen gas. He considers prussian blue as a 
combination of cyaiuiret of iron with a prussiate of deutoxide of 
iron and water ; and he attributes its blue colour to water. He 
asserts that ferruginous prussiate of potash burned by means of 
oxide of copper always afforded him the gases in the same pro- 
portion to one another that Gay-Lussac found them in cyanogen; 
and he maintains that in this experiment the base retains no 
•xarbonic acid, as Mr. Porrett had noticed. 

Results so contradictory, and conjectures so little justified by 
experiment, are not very well calculated to give us an exact idea 
of the composition of these salts ; and although the path has 
been marked out by the labours of Gay-Lussac, we must confess, 
in spite of what has been done with him, that we are just, at the 
same point at w hich he left the question. 

M. Proust long ago proved the ferruginous prussiates to con- 
tain iron, and that they must be regarded us salts w ith di »uble bases, 
♦of which the protoxide of iron is always one, exactly as alumina 
is always one of the bases in the different kinds of alum ; and he 
showed that prussian blue must be a hydrocyanate in which the 
deutoxide of iron represents the otlier bases with the protoxide. 
Mr. Porrett’s idea that the iron is an element of the acid has 
.always appeared to me analogous to that of considering the pot- 
ash in cream of tartar as an element of the acid in pel de sing- 
♦aette, or tartar emetic. 

{To he continued,) 


Article XIV, 

On the Compressibiiit^ of Water, By Mr. Perkins. 

(To the Editor of the Anneihof Philo&ofky,) 

SIE, « i^ed. 23, 18«U 

the Anna4s of Phihmphif for February, Dr. Roget .l|as 
discovered a veiy material error in my computation on the first 
experiment made mth the piezooMBter eu the compressibility of 



Aml^itesof BwAt. 

The real error was in the data being incorrect in tise 
ipaper read before the Royal Society. The dimensions of liie 
ipicaometer should have been as follows : 

The diameter of the cylinder inches, length 2I3f inches,, 
tbe plungei;^^ diameter. Theniistafce originated by taking the 
dimensions of a bathometer which was used at the time the 
«icperiment was made. 

With much esteem, yours truly, 

Jacob PERiciifs. 


Artici.e XV. 

Analyses of Books. 

Pharmacologidf or the History of Medicinal SnbstanceAt wilhia 
View to establish the Art oj prescribing and of composii^ 
extemporaneous Formnlcc upon fixed and scientijic PiindpU^: 
il/itst rated bt/ Formula:, in which the Intention of each Flenimt 
is desiiinaled bu Ken Letters. By John Ayrton Park, MD» 
FLS. riJRI. &c. &.C. 

If this jmblication were entirely medical, it would of courseHbe 
improper to notice it in a work professedly scientific ; but asit 
involves considerations, and to a very considerable extent, which 
, belong to the science ol’ chemistry and the operations of phar- 
macy, I conceive that some account of it may not be misplaced 
in the Annals. 

Dr. Paris has prefixed to this work an Historical Introdnc- 
tion,'’ giving an account of the more prominent revolutions that 
^have occurred in the reputation of medicinal substances; and in 
:thc execution of this task, he has deviated from the beaten pa&, 
and bas given an air of originality to a subject which might be 
4 tonsidered as “ somewhat musty/* This history will be found, 
4o use the author’s own words, an analytical inquiry into die 
more remarkable causes which have, in dinerent ages and coam- 
tries, operated in pioducing the revolutions that charactertse thee 
history of medicinal substances:” it will be impossible to read 
this introduction without fully assenting to an opinion eapreased 
l^the late Dr. George Fwdyce, that whenever a substance was 
igood for nothing else, it was tried rn^medicine. ** The 
itions and vicissitudes,” says the author, ** which remedies ham 
mndergone in medical, asweli as popular, opinion, fitim^eigiio* 
annee of some ages, the learning* of odiers, the sqperstitioii df 
^le^weak, and the designs of tbecrafty, fdibid m ample 
t&r pbilosophicdl reflection ; some of these reiN^leitoxis 1 raill 
^ptwcod 9ta mswdgate, under tbeftominentcaii^ 

mhkli bmm fmmoeA dwn*; wit. 
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Scepticism — False theory — Devotion to authority and esta- 
blished routine — ^The assigning to art that which was the effect 
of unassisted * nature — The assigning to peculiar substances 
properties deduced from experiments made on inferior animals 
—Ambiguity of nomenclature — The progress ^f botanical 
science — The application and misapplication of chemical philo* 
sophy — The influence of climate and seasons on diseases, as 
well as on the properties and operations of their remedies — The 
^iiorant preparation or fraudulent adulteration of medicines — 
The unseasonable collection of those remedies which are of 
vegetable origin ; and the obscurity which has attended the 
operation of compound medicines/' Now to this truly formidable 
list of mischief- producing causes, I think the author might liave 
padded, the careless revision of national Pharmacopoeias ; unless 
this may be classed under the head ul* the ignorant preparation 
of medicine. 

Under the head of Ambiguity of nomenclature," Dr. Paris 
has colIectc/» some curious facts, and from such various sources, 
as to evince that his reading has been extensive, and that he has 
neglected no means of attaining knowledge in illustration of his 
subject. 

After mentioning some circumstances respecting the sweet 
and common potatoe, he observes, “ A similar instance is pre- 
sented to us in the culinary vegetable, well known under the 
name of Jerusalem artichoke, which derived its appellation in 
consequence of its flavour having been considered like that of 
the common artichoke ; it is hardly necessary to observe that it 
has no botanic relation whatever to such a plant, it being an 
heliotrope (heliotropiuin tuberosum); the epithet Jermaiem is a 
curious corruption of the Italian term gira-sole ; that is, turn-sun 
in English, or heliotrope in Greek." 

Dr. Paris occasionally enlivens the subjects on which he is 
treating (and it must be confessed that they sometimes stand in 
need of it) with anecdotes which happily illustrate his positions: 
he remarks, that it ought not to be forgotten that cultivation 
and artificial habits may have blunted the susceptibility of our 
organs, and in some instances changed and depraved their 
functions: certain qualities, for instance, are so strongly con- 
nected with each other by the chain of association that by pre- 
senting only one to the mind, the other links follow in succession. 
This miffbt be illustrated," continues Dr. Paris, by the 
recital of numerous fallacies to which our most simple perceptions 
are exposed from the powers of association ; but 1 will relate an 
anecdote which, to my mind, elucidates the nature and extent of 
such fallacies more strikingly than any example which could be 
adduced. Shortly after Sir Humphry had sitCjCeeded in 
decomposjii^ the fixed alkalies, a portion of was 

placed in the hand of one*of onr most distingniahed cbembl% 
With a 4|tieiy aa to its nature? The philoao|ih^ ehaemng iia 
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mdfm^ 9md )»t)leii>di>tir, S4 not tiesitskto in pr«9^fH3<^it^it # %#' 
Mtdlie, wn^, uniting^ At otioe ike id^ of weight 
nMal, the ettdeiKW of hifi senses was even insufficient to <lm-' 
sever ideas so inseparably lussociated in his mind, and, Balamdiij^ 
the specimon on his fingers, he exclaimed, ‘ It is certairfy 
metallic, and vety poHderous!* ** Now thk anecdote is not 
related in disparagement to the philosopher in question. 
cmM have been prepared to meet with a substance, so novdl 
and anomalous, as* to overturn every preconceived notion? A 
metal so light hs to swim upon water, and so inflammable as to' 
catch fire by the contact of ice ! 

In the same strain it is further and happily observed by Br. 
Paris, when treating of mercury, that mythologisls inform us 
that he was the winged messenger of the gods, and the patron’ 
of tliieves. What name, therefore, could be more appropriate 
for the metal in question than that of this deity? for it is not 
only distinguished from all other metals by its mobility, but its 
universal agency has rendered it the resource of those worst of 
thieves —quacks, and nostrum-mongers.*’ Dr. Paris, in additkm' 
to his own experience, and to the information ^ined by his 
reading on the subject, has obtained much useful informattoix 
ficom persons in distant countries respecting the infiueoce of 
soil, culture, climate, and season ; for particulars, I must refer 
the reader to the work itself. 

The only remaining part of the historical introduction which 
shall notice, is that which treats of the application and mtsap^ 
plication of chemical science. In the beginning of this secuoii^ 
some very amusing and curious matter will be found. After 
noticing the works of Rpger Bacon, Basil Valentine, ParacelisuSy 
Vao I&lmont, &c. he comes down to our own times, anil 
honours, first, Mr. Brande, aud then me, with some notice fbr tho 
eritictsiias which we have occasionally ventured to make upon thf 
London Pharmacopceta ; and i believe 1 may legard mysd^ wiA^ 
ant any undue pretensions, as a very prominent memlw of a new 
Older denomtiiated, by Dr. Paris, ** Ultra ChtmiHs; ** and I ani 
aooused of eahibking, in my Experimental Examination of tiie 
l%aimacop€afeLotidmen8f8,a ** caustic style of criticism, 
limn any fetal nr nmlerial inaecumcy’* in the work revtew^« 

Oteat atiowaneefe to be made for Dr Paris, in passing his judg4 
ment upon tny examination^ for he is aFellow ot the C^qge; btfe 
sMI not having been so it the ttiiie when ths I^mweepce in 
qtmstio]i was edited, I think' hi wpdld h^Ve Aovm moire dfecre^ 
tKHi in snffierin^ it to sisep &e d:Ui^ to whictt thd Otfit 


loge have eoMisiMed it 1 tdn nd moi h j 

aearance# wttw' thdtdde 
1 think,^f 

iMapaMe of MtweiMg t|# 

Heto Serrn. voi. i. ' r 
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^unds for concluding that 1 have pointed out a fatal and mate« 
rial inaccuracy i’’ Indeed the College seem to have concurred 
with me on this point, for the process of which I complained has 
been abandoned. Whether that which is substituted for it is any 
better, 1 need not on tlie present occasion inquire. , 

To proceed, however, with that part of the work which it is 
more important to notice, it is to be observed, that after the his- 
torical introduction, w’e Iiave the term ‘ Pharmaculogia ' defined^ 
as comprehending the scientific methods of administering 
medicinal bodies, and explaining the object and theory of their 
operation.” This is divided into two parts ; “ the first compre- 
Bending the principles of the art of combination, and the second 
the medicinal history and chemical habitudes of the bodies which 
are the subjects of such combination.” 

Excepting a short and incomplete paper by the late Dr. 
George Fordyce, I believe no attempt has before been made to 
investigate the medicinal properties resulting from the mutual 
action ofbodiCvS independently of their chemical action. In the 
execution of this part of his subject, the autlior has developed 
some original views which appear to be capable of application 
to the chemical analysis of vegetable substances, Tliusin men- 
tioning senna, lie observes, that its leaves ‘‘ appear to contain 
an active principle in combination with a bitter, which latter 
ingredient, although destitute of purgative properties, considera- 
bly increases those of the former; Ibr if this be removed, as 
happens when senna is transplanted into the south ot‘ France, 
the purgative principle is weakened, but may be again restored 
by the artificial addition of some bitter cAtractive.” This and 
similar instances induce Dr. Paris to inquire whether it does not 
mppear tliat certain elements exist in the composition of vege- 
table remedies as furnished by nature, which, although indivi- 
dually inert, confer additional strength and impulse upon the 
principle of activity with which they are associated 

Incurring the risk of being again deemed an Ultra^'' I shall 
venture to observe that this reasoning appears to be derived 
from the well-known chemical fact, that it is impossible to dis- 
cover, a priori, what will be the result of mixture ; and I am 
apprehensive that the few remarks which I intend to oft'er upon 
the formula) introduced by Dr. Paris, will be considered a» 
irrelevant.' 

It will be seen by referring to the work that ** key letters,” so 
denominated, are placed opposite to each ingredient of a collec- 
tion of formula) to denote the mode in which it acts. Now 
although these formula:) appear in general to be extremely well 
composed, there are, l4;hink, some instances in which the idea of 
the mutual assistance of similar medicines is carried a little too 
lar. On this subject I confess I speak chemically and theoreti- 
^ly ; but I would ask, what is there so diderent in ihcvaction of 
#ik bark, galls, and catechu as astringents, that a mixture of 
them is preferable to any one, or at any rate any two of them; 
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but these three substances are employed together in one for- 
mula. It is indeed true that the oak bark is used in the state of 
an infusion, the galls in that of powder, and the catechu in the form 
of tincture ; but as all of these bodies may be used in any of these 
forms, I cannot conceive the utility of using them all together 
But this is, perhaps, the natural result of my being an ultra/* 

Dr. Paris appears to have paid considerable attention to a 
subject of great importance : I allude to the methods of detecting 
the presence of arsenic; and he has pointed out, not only the 
methods by which it may be discovered, but has mentioned 
many circumstances which give rise to ambiguous appearances . 
of its existence. In addition to the copper and silver tests, upon 
which he appears to place the greatest reliance, I wOuld beg to 
suggest the additional evidence which may be easily and strik- 
ingly obtained by the use of an aqueous solution of sulphuretted 
hydrogen gas, with an aqueous solution of the suspected sub- 
stance. it is, perhaps, scarcely necessary to observe, that the 
effect which results from their mutual action is the production of 
a yellow-coloured solution without any precipitate. From recent 
experiments, I am satisfied that amenvpus acid possesses no fila- 
ceous smell, and that it is peculiar to the arsenic volatilized in its 
metallic state. I mention this circumstance, because different 
opinions appear to be entertained on the subject; and if the arse- 
nious acid be not heated under such circumstances as decom- 
pose it, a ready but rough method of detecting the presence of 
arsenic may be rendered useless. 

As one of the not least useful parts of Dr. Paris's work, I may 
notice his exposure of quackery, and the statement which he hat 
given of the composition of more than 100 of the most cele- 
brated, and consequently the most mischievous, quack medicines. 

In concluding this notice I may observe that with respect 
to those parts of this performance of which I may be sup- 
posed to be able to form an opinion, that opinion is highly 
favourable ; and although the work is evidently intended to 
afford pharmaceutical and pharmacological information ta the 
junior members of the medical profession, there are many of a 
maturer age who may receive much benefit from its perusal ; and 
it will form a useful addition to the medical library. — Ed. 


Article XVI. 

Proceedings of Philosophical Sociefiei. 

ROYA^ SOCIETY. 

Feb. 1 ^T!ie Bakemn lecture on the best Kidd of Stce|^ 
Form for n Coedfkks Heedle, by Capt. Kater, was read; 

. ^ p2 
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Feb, 8. — A paper was lead, on the Foaml Bonea found in tket 
iinieiitone llopk at Hymouth, by Mr. Whidby, 

At the same meeting, a paper, by Dr. Henry, of Manchester,, 
was partly read, on the Aerironn Compounds of Charcoal and 
Hydrogen, with some additional Experiments on the Gases from 
OiIandCoaL 

Feb, 16. — The paper, by Dr. Henry, on the Aeriform Com- 
pounds of Charcoal and Hydrogen, was resinned. 

At the same inettmg, a paper was read, by the Rev. Dr. 
BLobcitson, entitlv'd, ‘‘ Observations of the Eclipse of the Sun 
on Sept. 7, 18‘J0.’' 

, At the same meeting also a notice was read, respecting a lunar 
Volcano, by Capt. H. Katex. 

Capt. K. first observed this volcano on Sunday, Feb. 4, the 
naoon being then two days old ; its appearance was that of a 
small nebula, of variable brightness, subtending an angle 
or 4". Its distance from the edge of the moon was 1-iOth her 
diarueter ; and on the 6th, the angle it formed with a line join- 
ing* the cusps was about 6U®. 

Feb. 22. — Dr. Ileaiy’s paper, on the Aeriform Compounds of 
Charcoal and Hydrogen, was concluded. 

The object first proposed by the author was to examine the 
accuracy of those views of the compounds ofcharcoaland hydro- 

f en vvhiclihad arisen out ofhis former experiments, and those of 
fr. Dalton, especially whether there be a compound answering in 
its characters to light carburetted hydrogen gas, the existence 
of which had been called in question in a late Bakerian lecture. 
This, after attentively, and at various times, examining the gas 
from stagnant water, he pronounces to be a distinct chemical 
compound, having uniformly the same composition and chemical 
properties, and the same s]>eci(ic gravity (0*666). it is consti- 
tuted of lUO parts by weight of charcoal united wdth 33*40 of 
hydrogen; while olefiant gas consists of Uh) charcoal -p 16*70 
hydrogen. Hence if tlic latter be considered as a compound of 
one atom of charcoal and one atom of hydrogen, carburetted 
hydrogen must consist of one atom of charcoal and two atoms of 
hydrogen; and as 1()0 cubic inches of carburetted hydrogen 
contain hydrogen equivalent to 200 cubic inches of hydrogen gas, 
he suggests tlie verification of the specific gravity of hydrogen 
^as by that of carburetted hydrogen, and finds that in this way 
it conies out 0*0698, making the relative weights of the atoms of 
hydrogen and oxygen very nearly as 1 to 8. The atom of char- 
coal also he estimates from the composition of carburetted 
hydrogen, and of carbonic acid, at 6. 

His next experiments relate to the best means of analyzing 
mixtures of olefiant gas with hydrogen, carburetted hydrogen, 
or carbonic oxide; and of olefiant gas with all those three gases. 
Chlorine, he may be employed with belfect acciiraicy^ 

protided eertam pt^aubons are observed, 
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at length in the paper. The chief of these is the complete exclu- 
-ftion of li^ht, for in that case olefiant gas alone is*conden»ed, but 
even the faint light of a cloudy day was found sufficient loc^use 
the speedy action of chlorine on the other gases. The paper 
contains also directions for analyzing mixtures cf hydrogen, car- 
buretted hydrogen, and carbonic oxide, but these, from their 
nature, are incapable of abridgment. 

By the analytical processus ^hus established, he proceeds to 
examine the composition of oil gas and coal gas. The revnlts 
are given in tables, hut the geneial issue of the cxpeiimcnts is 
that oil gas (as he had formerly shown with respect to coal <gas) 
is very far from being uniform in composition, but differs greatty 
in specific <gra\ ity and combustibility, when prepared at different 
tifijes even from the same kind of oil, owing to variations of 
temperature and other circumstances. ]\ssentially the gases 
from oil and from coal are composed of tlie same ingredients, 
though in different proportions, viz. simple hydrogen, light car- 
buretted hydrogen, and carbonic oxide gases, with the addition 
cf variable proportions of an elastic fluid, which agrees with ole- 
Jfiant gas in being condensible by chlorine, but consumes more 
oxygen and given more carbonic acid, by combustion, and has a 
higher specific gravity than olefiant gas, and even than atrno- 
spheric air. Whether this ingredient be strictly a gas, perma- 
Bent at all temperatures, or a mixture of olefiant gas with some 
new gas, constituted of hydrogen and charcoal in different pro- 
portions from what are found in the known compounds of those 
elements, or merely the vapour of a volatile oil, he leaves to be 
decided by a future train of experiments. 

CAMBR1BGK PHILOSOPHICAL SOCIETY. 

Address read at the First Meeting of the Cambfidge Phi/osopMcaf 
Soviet stating the Design and Objects of its InstitntioH s 
written at the Request o) the Council^ Edtcard JJaum 
Ciarke^ LL.D, Professor of Miner a logif in the Vnivermy <f 
Cambridge, 

At the opemng of the first meeting of the Cambridge Philo- 
•ophtcal Society, the Members of the Council avail themselvea 
of the earliest opportunity that has been offered to them, of 
expressing to the Society their congratulations upon its Institu- 
tion. Convinced, as they all of t&em are^ of the advaotages 
likely to fesult ftoin the establish meet of suoii a Society, 
do not hesitate to declare their opmioa, that ai;i ev«^nt of 
importaiM^ the best uiterests of W inaiii|y 

mewmd in Shojmnala of the Unhresst^^ 

A eentttry has now since the cetebtaled 

mefixed the axioca ia Jus Easiw npon the 

took She 

gical % leng tram of ea tpst fe itee^ mnd 
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the world ie at length convinced that obsematiom are the only 
sure grounds, whereon to build a lasting and substantial philo- 
sophy. AH partyes are so far agreed upon this matter, that it 
^eems to be now the common sense of mankind.* For this 
reason, when he composed his work, as he himself states, “ He 
gave himself up to be guided wholly by matter of fact, intending 
to steer that course, which is agreed, of all hands, to be the best 
and surest ; and not to offer any thing but what hath due warrant 
from observations.t Unfortunately, for the fame of this distin- 

f uished naturalist, and for the University to which he bequeathed 
is valuable collection, the want of a Society affording the 
means of philosophical communication, caused his immense 
treasure of facts to remain hoarded in a place by no means wor- 
thy of the collection, or convenient for its arrangement. Hence 
the hardly credible truths which are now beginning to come to 
light respecting the Woodvvardian collection ; hence the extraor- 
dinary circumstance, first made known by the late Professor, the 
Rev. J. Hailstone, that the corundum stone (a substance of such 
singular utility in the arts, and whose supposed discovery, as 
distinguished from other minerals, was attributed to Dr. Black, 
of Edinburgh), was not only known to Woodward, butspecumeus 
of it existed unnoticed in Ins cabinet many years before Dr. 
Anderson, of Madras, sent to Europe the examples upon which 
Dr. Black founded his observations. The same may be said 
with regard to other bodies, and especially that remarkable sub- 
jstance called the native meteoric iron of Pallas, also in the 
Woodvvardian collection.;}: To obviate even the possibility of 
such occiiiTences in future, to lay open channels of communica- 
tion for facts connected with the advancement of philosophy, and 
also to bring together men who are engaged in common pursuits 
of science, is the main object of the Cambridge Philosophical 
Society. The zeal and jirornptness which have been manifested 
in its establishment, and a view of the names which have Been 
already added to the list of its members, excite a reasonable 
hope that, by means of it, a fund of valuable information may be 
gradually accumulated. Some idea may be formed of the use- 
fulness of such an Institution, simply by referring to the various 
periodical Journals, edited, either oy individuals, or by societies, 
111 different districts of this kingdom ; in which the philosophical 

* Nat. Hut. of die Earth, p. 1. Lond. 1723. 

t Ibid. The observadorw 1 ^peak of,** observes the same Author, p. 3, sfere 
an made in Mn^Utnd^ the far greatest part whereof 1 travelled over on pttipose to make 
idijpn ; professedly searching tSl places as I passed along, and taking a careful and exact 
^ Things on all hands as diey presents ; in order to inform myself of the present 
condition of the earth, and all Bodyes contain^ in h, as far as eithet Ctoitos^ Or other 
ifatursd Caverns^ or Mincs^ Quarries^ CetepUs^ and the like, let me into it, and dis* 

2 d to sight the interior parts of it.** * . 

iCo tnove this remarkable fact, Professor Hailstone purchased a spedmen of the 
f mehmh mm of FaHas, and pUcedit in die eoUectisv^hf the tide 

ef Woedeatd*s q^edmen, that their identity might bt the mote eiM% esesgiHgid* 
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contributions of the members of this University, being frittered 
and squandered away in detached and distant parts, appear to be 
almost without existence ; but if the same scientific productions 
had been concentrated, their testimony of the industry and alp- 
lities of their authors would not only be creditable to the Univer- 
sity, but would also tend more edecrually to the advancement of 
Science. It is one of the objects of the Society, that a volume 
for giving publicity to such writings, should occasionally be Sent 
forth, not at any fixed or stated periods, but so often as due and 
approved materials can be selected for this purpose, and to this 
end it is proposed that Philosophical Communications should he 
encouraged from every quarter likely to aftbrd them, by render- 
ing to their authors every possible assistance which may be 
necessary for their publication. Letters have been already 
transmitted from the Secretaiies to persons who are likely to 
promote the intentions of the Society ; and it is requested that 
all its members will themselves further the designs of the insti- 
tution, by inquiring for coiumunications relating to the several 
branches of natural liistory, and natural philosopliy, especially 
by means of their foreign correspondence, and the observations 
they may be able to collect from scientific men engaged in foreign 
travel. U hatsoever may tend to illustrate the history of the 
animal, the vegetable, or the mineral kingdom ; of organized or 
of unorganized existences ; will be deemed valuable acquisitions. 
Of course, it is hardly necessary to add, that all papers on the 
subjects of zoology in all its branches ; of botany, mineralogy, 
geology, chemistry, electricity, galvanism, magnetism, and all 
mathematical communications connected with the subjects of 
natural philosophy, will be thankfully received^ and always duly 
acknowledged. 

The want of a sufficient incitement tovs^ards inquiries of thig 
nature, after University students have commenced graduates, 
lias been sometimes considered as a defect in the scheme of 


University education. At that important period of life, when 
application of philosophicid studies sliould begin, academical 
students seem to have acted under au impression that they have 
brought their studies to a termination. Or, if a disposition 
should prevail, to approach the studies of Nature, under tihe 
oonvictioii that it is better de re ipsa qtticrere^ quam mirari^^ 
this tendency, of such incalculable value in youthful minds, 
becomes checked, either by the retirement or consequent want 
of intercourse with literary men, to which the calls of prof^sioiial 
duties cansigfi ti]eiii,orby thelittlebonour whichin aQour(JmV;a^- 
tics has hitherto awaited the inquiry. Tlie vdiedicto^ obser^ 
tioQ^ of Bishop Watson alford a decisive confirmation of *&ia 
truth : t and me reproaches cast ujpon our country by the cele-^ 
bratsd Karwanl may be still considered 
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pUcab-e. hi Sweden and Germany,” aays'be^ n^aerala|^if 
considered as science worthy the attention of governaiei^ 
There are Colleges in whicli it is regularly taught ; it forms a 
distinct and hououmble profession, like that of tlie soldier, the 
merchant, or the barrister; its superior officers form a part of 
the administration of the state. Young students fraught wilt 
the knowledge to bo acquired in their own country are sent 
abroad to glean all that can be collected from a more diversihed 
view of nature. This example has been followed by France, 
BAissia, and Spain. Chemi^.try too, the parent of mineralogy, .» 
cultivated by liie most enlightened nations in Europe, and parti- 
cularly in brance, with a degree of ardour that aj)proaches to 
enthusiasm. ‘ in England, on the co»‘trary, it receives no enoou- 
1‘ageaient from the jaiblic.” These observations which that 
eminent naturalist then applied to the studies in which he was 
more particularly engaged, may, to a certain extent, be yet 
directed towards eveiy other branch ofTiatmal philosophy, la 
the posthumous works of Dr. liooke, which were dedicated to 
Sir Isaac Newton, when he was President of the Royal Society^ 
by its Secretary Waller,* we find their author maintaining, that 
the neglect shown to natural philosophy has been characteristic 
caJ, net of tliis country alone, but of all nations and in all ages. 
** Learned men,” he complains, “ lake only a transient view of 
natural philosophy in their passage to other things; ibinkingit 
sufficient to be able to talk of it in the phrase of the sebooL 
Kor is it only so now, but it has been so almost in all ages ; m 
lhat for about 2000 years, of which we have some account in 
bistory, there is not above one quarter of that space in which 
men have been philosophically given ; and among such, as have 
been so, several of them liave been so far disjoined by time, lam* 
£uage, and climate, by n^anner of education, manners and 
opinions, and divers otlier prejudices, tiiat it could not be 
expected it should make any considerable progress.” 

5 Yet the efiect of such studies upon the mind, and ej^pecially in 
|»iaces appropriated to public education, and in an age ,whem 
lal^e philosophy and irreligion have been so alaimin^y manir 
lipteci, may periiaps secure for them a more (avourabk receptioi 4 
oince It requires no argument to prove that die evidences o£.reli- 
^on always keep pace, and are progressive, with the disoovarias 
m natural knowledge. After a long life entirely devoted to tte 
UltKlks of natural history, Limissus piaoed over die bntel of the 
dioor of his museum an inscription which was caleukted 
1^, the mind of every approaebihg student a convicliosioCibts 
lukocuevmto! Namk adeetl' f * 

fiaaiog'tbus set before die Societf^dbe mam deetgn^j^ 
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af its lastitiitioii, the Council beg to caU ike attention of this 
aseeting to considerations of a subordinate nature. It will be 
necessary to provide some place in which the future meetings 
t»fty be held, and where a repository may be formed for tlsee 
tireservation not only of the archives and records of the Society, 
bat also of such documents, books, and specimens, of natiim 
history, as may hevcafler be presented or purchased. The 
utmost economy will at present be requisite in the management 
of the Society’s funds ; and, therelure, if the consent of the 
University could be obtained, it would be highly desirable that 
the expenses of printing the Society's Transactions, should be 
defrayed by the University.^ His Royal Highness the Chanceilor 
has accepted of the office of Patron, and his letten*, containing 
the expression of his approbation, will be ixjad by one of the 
Secretaries. Tlie present Vice-Chancellor, our High Steward, 
both our representatives in Parliament, and many other distin- 
guished members of the Univ^ersity, who are not resident, have 
also contributed towards the undertaking ; and there is, there- 
fore, every reason to hope, that the Ckaduates of this Uni- 
versity, wiio associated for the Institution of the Cambridge 
Philosophical Society, by their assiduity and diligence in its 
support, and by their conspicuous zeal for the honour and well- 
being of the University ; will prove to other times, that their 
lives and their studies have not been in vain. 


Arxicle XVII. 


SCIENTIFIC INTELLIGENCE, AND NOTICES OF SUBJECTS 
CONNECTED WITH SCIENCE. 


I* Natke of tome new Minerals from Finland* By M. Julia, of Abo.* 

Ah any information contributing to promote tlie knowledge 
•nbientla will probably be agreeable to your readers, I submit to 3 'eiir 
•4«ipoBai a brief nettoe of an investigation, made by Mr. N« Nortai^ 
of the crystalline Ibrm and the chemical coiuttk»ients ofseveMd 
SSnnish mineraltr among winch the most recently disoovered ove 
wmanaorit and pymllcdit. 

Nordenskidid hm natned^ this new mtneral 
4Soufit Romanaoff, who is w^i known^to promotie eeien^bc (Himiltate 

f nerah with unbounded liberality, and wtiose attenlioii andgeimrqiiljf 
miticidari ieontribiite to tnvesiigatidna telating ^lo iShte amemkit 
langiif^ and bistoiy * / ^ T ^ 


^ MV. IMtedtlMd^h m Athddgs&tkiinB^ 


JMUosraligierOsosiiS^^ os 
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This mineral is found in the lime quarry of Kulla^ at ICimito, in 
Finland. The qolours of this mineral are brown, brownish-yellow, and 
blackish'brown. It occurs compact^ sometimes in crystalline planes, 
which indicate the rhomboidal dodecaliedron with replaced edges: 
there seldom occur more than one perfectly crystallized plane with 
parts of the others, they incline at an angle of 120® to each other. 

The fracture is small, conchoidal, splintery, and strongly resembles 
that of common resin. 

The crystalline planes are highly splendent ; the crystalline transi- 
tion planes sometimes shining, sometimes dull ; the lustre is greasy. 
When broken of the fragment, have a lustre between the vitreous and 
resinous; when thin, they are translucent.’ 

Hard ; brittle ; give sparks with the steel : scratch glass and feld- 
spar, but are scratched by quartz. 

The specific gravit}’’ of this .sub.stance is 3 6096 at 60° Fahr. It is 
of light-yello'iV when powdered. 

It melts without effervescence in the interior flanie of the blow-pipe, 
giving a button of the same colour as the mineral, except when the 
flame smoky when it is blackish. 

Five grammes analyzed in the general way by fusing with carbonate 
of potash and dissolving in muriatic acid, yielded 


Silex 41 •24* 

Lime 24’ 76 

Alumine 21 OS 

Oxide of iron 7 02 

Magnesia and oxide of manganese. 0'92 
Volatile parts, and loss 1*9<S 


Neither the magnesia nor the oxide of manganese appear to belong 
to the chemical constituents. The oxygen in the lime is three times; 
the oxygen in the alumine five times, and the oxygen in the silex nine 
times the quantity of the oxygen in the oxide of iron, the mineralogical 
formula of course will be = F .S -f 3 C b + 5 A 8, or (F b 4- A S, 
+ 3 (C 8 + A S). 

jjj^yraUolit , — A new nnncral belonging to the talc family. 

Among the minerals found in the lime-quarry of Storgard in the 
point ot Pargas, there is one, which at first was considered to be crys- 
tallized talc. It has the singular propensity of blackening before the 
blow pipe at a low red-heat, and it afterwards becomes white at a 
higher temperature. It occurs in opaque sparry limestone accompa- 
nied with feldspar, augit, skapolit, moroxit, and sphene, and particu- 
larly crystallized with augit, which mineral often thinly covers it. His 
Excellency Count Steinheit wiio has examined the quarries of Parga 
with the greatest care, and to whose zeal the mineralogist is indebted 
for the discovery of most of the new Finnish minerals, was also the 
flrst who pave attention to this mineral* 

This mmerai is found in crystalline masses, and in distiact crystals of 
four varieties of fofm. 


la quadrangular prisms, of which the angles are 94® 56^ and 85^ 
and whi<^ are, therefore, flight ly rhomboidql, the opposed lateral 

E Eid two, ihffer in Imadth ; the plane M amd^tli 
V), %* 9, being much broader than T and 4m 
1440 ® 49 ^. - 
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Fig. 10 differs from fig. 9 only by the addition of the little planes n ; 
non T 131® SO'. 

Fig. 11, P on / 129® 11'. The plane P is at right angles to the axis 
of the prism. 

Fig. 12. In this, the planes n of fig, 10 are seen in combination. 
P and / of fig. 1 1 . w on P 1 38® SO'. 

The crystals seldom occur perfect; they vary in size from very 
small to the length of J and 2 inches, 3-l()ths to 4-lOths of an inch in 
breadth. The colour is sometimes greenish. By long exposure to 
air and light, the coloured crystals become perfectly white. Their 
surface^ is dull. The lustre greasy, h'racture, dull -earthy. Trans- 
lucent only when in thin lamina;. The crystals are more or less cohe- 
rent : some readily crumble, and are then unctuous to the touch ; 
others are harder, yielding to the knife hut not to thd nail, and feel 
then harsh in the fracture. The same crystal is sometimes hard in one 
end, an.] not at the other. It seems to harden in the air By fracture 
three-sided prisms are very easily obtaine<l. Its specific gravity is 
2*555 to 2*594. 

The powder put upon a red-hot spoon phosphoresces with a bright 
bluish light. 

When heated with the blow-pipe at a little below a red heat, it 
becomes blackisli, and by continued exposure to this heat, it is ren- 
dered white, sw ells, and melts at the edges into a white enamel. 

It melts with borax readily into a clear ghiss, wdiich, by adding a 
little nitre shows traces of manganese. A little of the pliosphate of 
soda, or ammonia added to a button of borax, saturated with the 
mineral, renders it after cooling an opaque and white enamel. A little 
piece of the mineral heated with glass of phosphorus effervesces 
slightly at first, but they eventually combine. 

With soda it melts to a clear glass; with a yellowish-green tinge, 
the colour is most ea.sily distinguished upon white paper. 

The analysis, which was conducted in the usual mode, viz. by heat- 
ing the fine powdered mineral with three times its weight carbonate of 


potash, dissolving it in muriatic acid, gave 

Silica 56’62 

Magnesia 23 38 

Alumine. 3'38 

Lime 5*5b 

Protoxide of manganese 0 99 

Peroxide of iron 0*09 

Water . , . • 3 58 

Bituminous matter and loss 6’ 38 


100*00 


To attieiiipt a formula for this mineral before It is deteniuiiiod whe- 
ther the bituminous matter belongs to the chemtcHl cbmpositioiior 
would certainly be premature. ||ut it may be observM that m ihe 
oxygen of the alumine lime is ecpii, and 
tiinas, of the nmptesia six ^ times, of the water twice, 
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6 Mg -f- 2 Aq, in cas^ the bituminous matter is cumsiilered at 
foreign to the chpmica) composition. 

Jn consequence of the singulsir property of this mineral of the 
change of colour when exposed to heat, from uhite to dmk and from 
dark to while again, the name pyralloiit, formed of the Greek words 
and was given to it. 

II. Mining JuieUigence, 

At the latter end of December last, the lliird of the new steam 
engines erected on the Consolidated mines near Redruth, in Cornwall, 
was put to work : and as two of these machines are of a larger size 
.t!)Stn was ever before attempted, and as the concern is one of great 
extent and interest, some account of it may be acceptable to our 
Vttaders. 

The undertaking includes four or five copper mines nearly adjoin^ 
ing, and on the same veins, fornuTly worked very profitably in distinct 
portions, until owing to difficulties in pumping the water, and otlier 
circumstances, tbi’y were gradually abandoned about Ifi years since. 

The improvement in the use of steam |)ower since that period is a 
prominent reason for expecting advantage to those w ho have Itad the 
apirit to renew the workings, though there are many others which are 
important, such as increased skill in the management of mining pro- 
cesses, and a reduction in the cost of labour and those materials %vhich 
are most largely consumed. The present conq)any have engaged a 
capital of about in the concern, and tlie whole is under the 

loanagement of Capt. William Davey and Mr. John Taylor. 

The extent of underground workings to be drained is very consider^ 
able, running for about a mile in length, and reaching at the loweat 
part to a depth of about ISO fathoms under the adit, or lerel by which 
the water is discharged towards the sea. 

To keep the whole of Oieae excavations dry, and to enable the mines 
to be sunk deeper, three engines have been erected by Mr Arthur 
Woolf. One at the western extremity of the ground having a cylinder 
of 70 inches diameter, which w oiks a pump about 60 fathoms deep» 
and tw o oihcrs, w hich w e mean particularly to notice, are situated one 
near the centre, and the otlier at the eastern end of the concern. 

These engines have cylinders of fK) inches diameter, the pistons 
make a stroke of JO feet in the cylinder, and the centre of the beams 
is so fixed that the rods make an eight foot stroke in the pumps; thus 
they are able, at the connnon pressure, to raise a load of 85,(XK) lbs. 
Each of the engine.s is furnished with six wrought-iron boilers for pro- 
ducing high pressure steam, w Inch is applied in the mode usually called 
extensive by engineers, and is condensed in the common manner. 

Three boilers are connected so as to be heated by two fires, and are 
sufficient to work the engine, leaving three others to be applied when 
those which have been in use are cleansing or repairing. 

l^cselmaienso engines are executed in a veiy Imutifidtiiftniier, and 
exhibit aemarkabie histanoet of accurate workmoniditp and taand cid* 
esdatKiiti I'hciugh they exoeed in i|>ower all others ifyat hme teen 
hefme wmtrmted^ and of course eveiy paf^is of adlmeiiiioa^orsilW^ 
liiega-tSfne> | wsi » ateiit, yet dach has, hist, fiarfisriMM life dite 

teghlp and ftjtmaUiMmimM m fwwtea tteitte a gwegiuMli^ 
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md free from jar or concussion. The engines have worked repeatedly 
days at the rate of and I f? strokes a miniiie, and the wnoJe ha$ 
gone as smoothly as if a fly wheel regulated the impulse. 

l^e effect of the first of these engines, or, us it is culled in Cornwall, 
the duty, ha» been regularly calculated by the person appointed for that 
purpose, and has been published in the monthly report. 

Jt was found to have consunit d about Jl,h()() bushels of coal in 35 
ciays, or 111 bushels per day, and the effect had been that of raising 
38,5(X),00() lbs of water by each bushel of coal, which is rather mprS 
than was done in tlie same period l»y engine of similar construc- 
tion. 

may be worth mentioning the weights of some of the principal 
parts of one of these large machines. The cylinder, exclusive of tlife 
cover and bottom, weighs about 1 tons, in one piece ; is surrounded 
by a case of still greaier dimensions. The beam with its gudgeon 
weighs nearly ^23 tons. 

Ihe pump rods in the shaft ‘are the largest mast timber that could 
he procured, and are UJ inches square to a considerable depth in the 
shaft ; when the whole are attached, they wiil weigh, with the iron 
plates which connect thjni together, nearly 10 tons. 

When it is considered that to this latter weight is to be added that 
of‘ the column of water, and one half of the beam, we sliull find nearly 
100 tons on one side tht centre, and of course a corresponding pressure 
on the other side to counterpoise it ; so that there is suspended on the 
go^eon, and moving freely u[)on it, nearly 200 tons. 

The piston frequently parses through 210 feet every minute, 
gives a corresponding velocity of motion to this immense mass of mat- 
ter. which is yet regulated witli a precision that is astonishing, and 
which acts without concussion, and without disturbance, to the various 
pans of the maebine. 

'I'heiv are many most ingenious improvements in the construction, 
and the arrangement is simple and complete. The uliolo reflects great 
credit on the skill and ability of Mr. Woolf, to whom Cornwall has 
before been indebted ibr the introduction of some oflhe most important 
improvements in steam engiucs that have benefited the mines in later 
years. 

The works at the Consolidated Mines were only commenced in Jan, 
and it is probable that in a few weeks the water wi 1 be all 
pumped out; so that this, with the extensive erections for v^ious pur- 
poses on the surface, which are such as to render it probably the 
largest' and most cxmii pie te mining establishment in the world, have been 
executed in two years. 


Arxicie XVIII. 

NEW SCIENTIFIC BOCa£S 

■ 

inwwMiiiin' van Mmtic'irriotir, ^ 

^^Ijenehliia nearly cotti|^leted his Synopsis nf BrvtUh MoRweau 
Von Ktotlsbujs's Narrative of a Toya|^ rauj^djibe^Worldi in llMk ; 
Hussiain shifi KdvilCf is t!^nslatli%for the pre^l 
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Elementary Illustrations of the Celestial Mechanics of Laplace, 
comprehending the First Book, for Students, in the Mathematics, may 
be shortly expected, in 8vo, 

Mr Wood has in the press the Linncan Genera of Insects, illus- 
trated by 86 coloured plates, and general observations on each genus. 

Dr. Forbes is idmut to publish his Observations on the Climate of 
Penzance, and the Districts of the Land’s End, in Cornwall. 

Dr. Henry Reader will shortly publish in 8vo. A Practical Treatise 
on Diseases of the Heart, in \%hich will be comprised a full Account of 
all the Diseases of that Organ. 

JUST PfT1ILI«RED. 

^Peptic Precepts : pointing put Methods to prevent and relieve Indi- 

S ^stion, and to regulate and invigorate the Action of the Stomach and 
owels. 12mo. iU. boards. 

History and IMethod of Cure of the various Species of Palsy. By 
John Cooke, MD. Svo. Gs. boards. 

Monthly Journal of Popular Medicine. By Charles Hadcn, Sur- 
geon. No. I. Is, 6tL 

Rome, in the Nineteenth Century, containing a complete Account 
of the Ruins of the Ancient City, the Remains of the Middle Ages, 
and the Monuments of Modern Times. 3 vols. post 8vo. ]/. 7s, 
boards. 

A concise Account of the Origin and Principles of the new Class of 
24- Pounder Medium Guns, of reduced I.ength and Weight, proposed 
in 1813 by Sir William Congreve, Bart, and adopted into his Majesty’s 
Service. Svo. 7s, Gel, 


Article XIX. 

NEW PATENTS. 

John Sadler, ofPenlington-placc, Lambeth, for an improved method 
or process of manufacturing carbonate of lead, formerly denominated 
ceruse, but now commonly called white lead. — Jan. 3, 1821. 

John Leigh Bradbury, of Manchester, for a new mode of engraving 
and etching metal rollers, used for printing upon woollen, cotton, linen, 
paper, cloth, silk, and other substances. — Jan. 9. 

Robert Salmon, Esq. for improvements in the construction of instru- 
ments for the relief of hernia and prolapsis ; which instrument, so im- 
proved, he denominates scientific-principled, variable, secure, light, 
easy, elegant, cheap, and durable trusses. — Jan. 15. 

John Frederick Danieil, Esq. of Gower-street, Bedford-square, for 
improvements in clarifying and refining sugar. — Jan. 15. 

Abraham Henry Chambers, Esq. of Bond-street, for an improvement 
in the manufacture of building cement, composition, stucco, or plaster, 
bv means rf the application and combination of certain known mate- 
rials hi thertln unused (save for experiments) for that purpose.— Jan. IS, 

Chariot Phillips, of Albgmarle-street, commander in the royal ttavy, 
for improvements in the apparatus for propelling vessels, and imprcnre- 
metits in the construction of vessels so propelled. — Jan. 19. 
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Article XX. 

METEOROLOGICAL TABLE. 


1821. 


Bauometkr, 
Max. 1 J\fin. 

Thermometer. 
Max. 1 Min. 

1 Evap. 

Rain. 

Hjgr. • 
9 a.m. t 

Ist Mon. 










Jan. 1 


E 

■29V7 

2.9‘86' 

31 

23 

1 


61 

$ 


K 


2.9o3 

30 

22 



6*1 

3 


E 


2.9+5 

32 

24 



67 

4 

N 

E 

■.’.9'5Ci 

2,9-45 

31 

2^ 



56 

5 


E 


29-27 

37 

2.0 



60 

6 


E 

29 28 

29-25 

41 

33 



88 

7 


N 

29 28129 ^6 

39 

34 



S6 

8 


E 

29*2(1 

29*(^9 

45 

34 

— 

70 

89 

5) 


E 

29*16 

29 04 

43 

37 



96’ 

K) 

S 

W 

29*1 6 

29*13 

44 

37 

— 

17 

93 

)i 


E 

29*2() 

29*14 

46 

38 

— 

28 

100 

12 


S 

29*62 

29*26 

51 

44 

— 

05 

94 

13 


w 

296 2 

29-41 

61 

41 

— 

— 

76 

1 1 

N 

E 

30* 1 2 

29*41 

42 

30 

— 

1*20 

SO 

16 

S 

E 

30 12 

2977 

49 

33 

— 

42 

90 

36 


W t30*18 

2977 

48 

34 

— 

( 

77 

17 

vS 

\V 

30 26 

30- 1 8 

46 

39 

— 

— 

I 91 

1.^ 

s 

w 

30*31 

3(i-‘J5 

62 

43 

25 

02 

92 

W 

s 

w 

3032 

30-31 

48 

40 

— 


92 

2(! 


w 

30*60 

30 32 

50 

2S 

— 

05 

83 

51 

Var. 

30 6 1 

30 ()0 

44 

28 

— 


70 

22 

N 

w 

3069 30 61 

45 

35 

— 


73 

23 

N 

E 

307(‘ 

30*67 

40 

27 ! 

_ 


80 

24! 


E 

30-67p0(»0 

36 

28 1 

— 


91 

26 

S 

W 

30-60 3()'5() 

48 

34 ! 

— 


94 

26 

N 

£30*68 30*44 

45 

34 i 

— 


77 

27 


E 

30-4430-29 

3S 

32 

— 


78 

28 


S 

30 29 30 28 

35 

30 

— 


84 

29 

S 

£ 

30-2930-20, 

45 

30 



90 

30 


W 

30-36i30-22 

50 

42 



94 

31 


\V 

3038 

30-36 

51 

44 1 

35 


84 




3070 

2904 

52 

22 _ 

60 

2-891100— 56i 


The oheervatkme in each line of the table apply to a period of twenty-four hoiii% 
be^ning at 9 A. M. on the day indicated in the first ooliimn. A daah denotei that 
ahe lesolt ia included in the next ibllowing observation* 
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REMARKS. 


Firut Month. — I. A strong cold wind. 2 — 4. Cloudy: bleak. 5. Morning fine: 
about two inches of snow in the cvemng, foUowed by hail and rain, which thawed 
nearly all of it before morning. 6. Cloudy: the thaw continuing. 7. Cloudy. 
S. Fine: cloudy. 9. Foggy. 10. Foggy: cloudy. II. Rainy. 12. Rainy: fine 
at intervals. 13. Cloudy: very rainy night. 14. Rainy day: a lunar eorona in the 
evening. 15,16. Cloudy: fine at inteivals. 17 — 20. Cloudy. 20. Cloudy : a lunar 
corona in the evening surrounded by a large halo. 2 1 . Foggy morning : very fine day. 
22. Gloomy : fine- 2^1. Fine. (The observation on the barometer here given Is from 
the one whicli is constantly registered. Two others, probably less perfectly adjusted, 
wore found to stand respectively at and 30*98 indies ; the dock barometer at 

Tottenham gives the maximum at about 30 78 inches ; the whole at noon on the 23d.> 
24. Gloomy : foggy* 26. tJloudy. 28. Ditto. 25. Foggy ; misty. 

^9. Fine dear morning : fine day. 30, 31. Fine. 


RESULTS. 

Winds • N, 1 1 NE, 4 ; £, 9 ; SB, 3 ; S, 2; SW, 7 ; W , 3 ; NW , 1 ; V ar. I. 


Barometer : Mean height 

For the month. 29*939 inches. 

For the lunar period, ending the 26th 29*887 

For 13 days, ending the 8th (moon south) 29*666 

For 1 4 days, ending the 22d (moon north) 29*893 

Thermometer ; Mean height 

For the month 36*177*^ 

For the lunar period 36^f^ 

For 3 J days, tlie sun in Capricorn 35*619 

Evapeeatkm. 6*60 an. 

Ksiii. 2-89 

Mam of hygrometer 8l^ 

JLgbomtory<i SirtxtforAy Second Months 20, 1821. R. HOWARDS 
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or 

PHILOSOPHY. 


APRIL, 1821 . 


Article L 

Experiments to determine the true Weight of the Atoms of Copper^ 
Zinc, Iron, Manganese, Nickel, and Cobalt, By Thomas 
rh()inson, MD. FuS. 

Jn two papers published in vol. xvi. of the Annals of Philo^ 
^<phi/, p. .‘127, and in the first number of the New Series, I have 
sliown l>y experiments, which to me at least appear decisive, 
that the atomic weights of the 14 bodies which constitute the 
subject of these papers are as follow's : 


Nitric acid 

Oxygen = 1. 

, . . 6-75 

Hydrogen = 1. 

64 

Sulphuric acid 

. . . 5-0 

40 

Muriatic acid. •••••« 

4-625 

37 

Chromic acid 

.. 6-5 


Arsenic acid 

.. 7-75 

62 

Phosphoric acid . . . , 

... 3-5 

28 

Potash 

... 6-0 

48 

Soda 

.. 4-0 

32 

Barytes 

.. 9-75 

78 

Strontian 

.. 6-5 


Lime 

. . 3-5 

28 

Magnesia 

.. 2-5 


Silver 

.. 13-75 

110 

Lead 

.. 13-00 

104 


Theprocess which I followed succeeds also with the sulphates 
New Series, vol. i. q 
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of the metals, whose names arc affixed to the title of this essay, 
and has enabled me to determine their atomic \veii>;hts with equal 
j)rccisioa ; but with mercury, bismuth, and tin, some modifica- 
tions will lie requisite. The difficulty with respect to mercury 
is to obtain its nitrate perfectly free from water. The chlorides 
of tin and of bismuth are easily procured in a state of dryness ; 
but when thus freed from water, 1 could inuther diissolve them 
completely in nitric acid, acetic acid, or w ater ; and the addition 
of muriatic acid de>troys the precision of the ])rocess. 

Mv object at pn^sent is to relate the experiments which 1 have 
mad(‘ to determine the woi<^hts of the atoms of the six metals 
whose names are enumerated in tin* title to tliis essay. The 
followirp^' taiih' exinbit.s the atomic weights of these Ixalns 
aecordiipj,’ to the b' ^t experiments hitiierto published. 


Dulam,* Wollaston. +1 Bcr/t’lius.lJ; 1 Prout Thomson. 


C(.p])er :♦<) , 4-d : d'O ' S-O 

Zinc :•(» 4*1 ; SdHblo i 4-0 4-2r> 

Iron (’’'Jo .‘b4.'> • (>'7S-j,4 j d*.") !>*.*) 

i\lan<^anese of • — ! 7*1 IdT | 7*11.7 d*.'> 

Niekel . . . . .MJ.'j f or (rJ.7 f — ' 7*.’>ft7l ! \yll-) Ibjo 

Cobalt (^S7.7f — 7*dd0() ! d*()() : .‘bJd 


The numbers i^i'cn by Bei*7elius being alone (except my own), 
detiuced from oiT^inal experiimmts, it will be worth while t(» 
compare them with mine; but to fit them for tliat comparison, 
it will be requisite to divide all of them, except llie first, by 2. 
This gives us their weights as fbllovv.s : 


(^oj)j)er 

7-91 

Ziiie 

4*0:522.7 

Iron 

:5';k}2b7 

3Ianganese 


Niekel 

:3*r>97o.7 

Cobalt 



The long train (4‘ decimals attendimj: iJmost every one of these 
numbers is sufiicient of itself to render their accuracy suspicious. 
Kature is not wont to indulge hi such complicated relations. 
Indeed the very simpleTmmbers, which we have already obtained 
for tlie atomic weights of the 14 bodies formerly examined, lead 
almost irresistibly to the conclusion that tlu* same simplicity will 
be found to pervade the weights of all the simple bodies in 
nature. We shall see immediately at least that the law holds 

* New System of t hsmistr)', p. 546. I have divided his number by 8. 

+ Phil. Trans. 1814, p. IS. 

:J: Kssai S.UT la Theorie d«rs Proportions Chimiques. Tnblc at the end. 

^ Annals of PhUosojyfiy^ vi. 35ii9, Most of his numbers are deduced from Berzelius** 
experiments. 
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most admirably as far as the bodies at present under our review 
are concerned. 

I . Copper^ 

It will be seen from the preceding table that Dr. Wollaston 
and Dr. Front consider the weight of an atom of copper to be d, 
while I make it H. Dotli the numbers of these gentlemen and 
my own are deduced from the sulphate of copper, or blue vitriol, 
the crystals of whic h, by a careful analysis, 1 have found com- 
posed as follows : 


Sulphuric acid 10d)0 

Peroxide of copper 10*00 

Water 11*25 ‘ 


31*25 

hroin this it ajjpears tliat the salt contains equal weights of 
acid and f)ase, and that 9-25ths of its weight is water. Now 
the w( ight of an atom of sulphuric acid being 5, it is obvious 
that if w(‘ consider blue vitriol a compound of one atom acid and 
onci atom base, an atom of peroxide* of copper will weigh 5 
(exactly the same as sulphuric acid), and consequently an atom 
of copper will weigh 4. This is the reasoning which led Wol- 
laston and Prout to fix upon 4 for the atomic weight of copper. 
On the other hand, I am of opinion that blue vitriol is a bisul- 
phate of copper, or a compound of two atoms of sulphuric acid 
and one atom of peroxide of copper, and that its composition 
may be thus stated : 


2 atoms sulphuric acid = 10*00 

1 atom peroxide of copper = 10 00 

10 atoms water = 11*25 


31*25 

If this constitution be admitted, it is obvious that an atom of 
peroxide of copper must weigh 10, and consequently an atom of 
copper 8. Now the reasons that lead me to conclude that blue 
vitriol is a bisulphate of copper are the following : 

(1.) It is vrell known that copper forms two oxides with oxy- 
gen, the red and the black, and that the oxygen in the black 
oxide is precisely double that in the red oxide. Hence 1 think it 
likely that the protoxide is a compound of one atom copper + 
one atom oxygen, and the peroxide of one atom copper -jr two 
atoms oxygen. If this be admitted, an atom of copper must 
weigh 8, and the composition of the oxides will be as follows : 


Protoxide . . . 8 copper -f 1 oxygen 

Peroxide 8 -p2 


Dr. Wollaston and Dr. Prout must consider the black oxide 

Q 2 
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of copper as a compound of one atom copper + one atom oxy- 
gen, and the* protoxide as a compound ot two atoms copper + 
one atom oxygen ; so that their constitution, according to this 
view of the subject, is as follows : 


Protoxide 8 copper + 1 oxygen 

Peroxide 4 4*1 


I consider my view of the subject as more simple and more 
conformable to the analogy of other metals. 

(2.) Blue vitriol, how frequently soever we crystallize it, or 
how carefully soever we wash it, always reddens vegetable blues, 
and of course contains an excess of acid. Now most of the salts 
containing* two atoms of acid united to one atom of base that 1 
am acquainted with, have the property of reddening vegetable 
blues. This is the case with 

Bisulphate of potash. 

Bisulphate of soda, 

Bitartrate of potash, 

Binoxalale of potash, 

Alum, 

and various other bisalts which wil! readily occur to the recol- 
lection of the practical chemist. Blue vitriol then possesses the 
characters of a hisalt. Hence it is reasonable to conclude that 
it is a compound of tuo atoms of acid and one atom of peroxide. 

(3.) There exist otiier two sulphates of copper besides blue 
vitriol, both of which 1 have repeatedly obtained. 

If you dissolve grs. of the. crystals of blue vitriol in 

water, put into the solution 10 grains of peroxide of coj)per in 
the state of a tine powder, and digest the \vln>le in a retort on a 
sand-bath for two months, the whole of the oxide gradually dis- 
appears, the solution becomes colouiless, and a green coloured 
powder is deposited, which is a neutral sulphate of copper; for 
it contains, as is obvious, twice as much peroxide of copper as 
blue vitriol. This neutral sulphate has no efl’ect on vegetable 
blues, and is insoluble in water; l)ut it dissolves easily in 
muriatic acid. If we analyze it, we shall find it to consist of 
one sulphuric acid -p two peroxide of copper by weight, and a 
certain quantity of water, which I have not determined witli 
accuracy. 

If into a solution of blue vitriol you pour a quantity of sulphu- 
ric acid, and evaporate the liquid sufficiently in a Wedgewood 
dish, a salt is deposited in small irregular crystals having a much 
lighter blue colour than blue vitriol, a much more acid and acrid 
taste, and acting more powerfully on vegetable blues. This salt 
is slowly deliquescent, and from the few trials to which 1 have 
subjected it, I have* reason to consitler it as a perquadrisulphate 
of copper, or a compound of four atoms of sulphuric acid and 
one atom of peroxide of copper. 
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The existence of these three salts, similar to the oxalate, 
binoxalate, and quadroxalate of potash, and in ! 5 ome respecta 
similar to the triple oxalates of potash, soda, ammonia, and 
copper, discovered and analyzed by Vogel, of Bareuth, leave 
little doubt in my mind that the true atomic weight of copper 
is 8. 

(4.) Tlie common green permuriate of copper is a compound 
of one atom peroxide of copper and two atoms of muriatic acid ; 
for when 10 grs. of peroxide of copper are dissolved in muriatic 
acid, and the liquid evaporated to dryness, a brownish yellow 
coloured mass remains, which weighs exactly 17 grs. It is^ 
therefore, a perchloride of copper composed of 


1 atom copper = 8 

2 atoms chlorine = 9 


17 

There exists likewise a protochloride of copper, described by" 
Boyle under the name of rosin of copper, and since particularly 
described by Proust, Chenevix, and by Dr. Davy who an- 
alyzed it, and showed it to be a compound of 


1 atom copper = 8*0 

1 atom chlorine = 4 ’5 


12-5 


(5.) There is reason to conclude from the experiments of Ber- 
zelius, that sulphuret of copper is a compound of 

Copper 8 

Sulphur 2 

fo 

So that an integrant particle of it weighs precisely as much as 
the peroxide of copper. Now' it is well knowm that an atom of 
sulphur weighs exactly twice as much as an atom of oxygen. 
Hence the sulphuret must be a compound of one atom sulphur 
-f one atom copper ; and if so, an atom of copper must weigh 8. 

1 shall now proceed to show that the composition of blue 
vitriol is exactly as 1 have stated in a preceding part of this 
essay ; namely, 


2 atoms sulphuric acid = 10 00 

1 atom peroxide of copper = 10*00 

10 atoms water = 11*25 


. 31*25 

The reader, by turning to a former paper of mine (Annals of 
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Thilosophify xvi. 330), will find that cUoride of barium is com- 


posed of 

1 atom chlorine * . . = 4*5 

1 atom barium = 8*75 


13*25 

And that when this salt is dissolved in water, it becomes muriate 
of barytes coni]^osed of 

1 atom muriatic acid . ... = 4*G25 
1 atom bai'j'tes = 9*75 

14*375 

Dissolve in a minimmii of distilled water 31*25 ots. of blue 
Titriol, quite [)ure, dry, and in crystals. In another vessel 
dissolve 13*25 x 2 = 26**5 gis. of chloride of barium. Mix 
the two solutions together, and allow the mixture to stand 
till the precipitate has fallen dow*n, and the supernatant liquor is 
quite clear. Examine this liquor by mixing it with muriate of 
barytes and with sulphate of soda in two separate vessels. If 
the experiment ha.> been properly conducted, the liquid will not 
be in the least altered by either of these reagents, showing 
clearly that it contains neither sulphuric acid nor barytes. 
Hence it is clear that the quantity of sulphuric acid (two atoms) 
in 31*25 grs. of blue vitriol is just saturated by the quantity of 
barytes (two atoms) in 26*5 of chloride of barium. If, instead of 
31*25 grs. of blue vitriol, you take only 31 grs. or even 31*125 
grs. the liquid will be found to contain an excess of barytes. 

If 31*25 grs. of blue vitriol be dissolved in water, and a plate 
of zinc put into the solution, the cojiper will be precipitated, and 
it will be found to weigh exactly eight grains. 

II. Zinc, 

Many attempts have been made by chemists to determine with 
precision the atomic weight of zinc. Those of Berzelius and my 
own will be found in an early volume of the Annals of Fhiloso-- 
phy. I had deduced from these ex]>erimeuts 4* 125 as the weight 
of an atom of zinc. Dr. Wollaston’s weight, 4*1, may be consi- 
dered as nearly the same with mine. Dr. Front fixed the weight 
at 4, chiefly from theoretical considerations. The following 
experiments will show that all these determinations are under 
the truth. 

Sulphate of zinc, or white vitriol, as it was formerly called, is 
a salt, which crystallizes in four-sided prisms, and is transpa- 
rent. It may be freed from its water by a cautious exposure to 
a red heat ; and 17 grs. of the crystals, when thus treated, lose 
exactly 6*75 grs. Of course the residual salt weighs 10*25 grs. 
OniMielve 17 gm« of eiysials of sulphate of sum m water. 
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Dissolve in anotlier portion of that liquid 13*25 grs. of pwi^e 
chloride of barium. Mix together the two solutions, and letth^^ 
precipitate subside. The clear sujveniatant liquid is neither 
adected by muriate of barytes, nor by sulphate of soda ; conse- 
quently it ru ither contains sulphuric acid nor barytes. It iB 
obvious from this that 17 grs. of sulphate of zinc contain exactly 
five grs. of sulphuric acid. These fac'ts warrant the conclusion, 
that the composition of crystallized sulphate of zinc is as 
follows : 

1 atom sulphuric acid = 5-00 

1 atom oxide of zinc =: 5*25 

(i atoms water = (>*75 

17*(!0 

Thus it appears that an atom of oxide of zinc weighs 5*25 ; 
consequently zme itself must weigh exactly 4*25. 

It may, perhaps, be olijccted that my method of determining 
the quantity of water in tiie salt might not be absolutely cor- 
rect, as I had no means of determining whether the lesidual salt 
retained any water or not, Ikit let it be remembered that the 
sulphuric acid in 17 grs. of the salt is exactly five grains, that 
the oxide of zinc certainly approaches five in weight, and that if 
we suppose the water to be increased by another atom, its 
weight would amount to 7*875 grs. leaving only 4*125 for the 
weight of an atom of oxide of zinc, which w e are perfectly certain 
from preceding experiments is greatly below the truth.* It can- 
not then be doubted that the atom of oxide oi zinc w eighs 5*25 ; 
consequently the weight of the atom of zinc must be 4*25, oi a 
verj’ little more than 1 had concluded from the previous experi- 
ments of Berzelius and myself. 

III. Iron, 

It is well known that iron unites with tw‘o doses of oxygen, 
and forms tw o oxides, the black and the red ; the oxygen in 
which bear to each other the ratio of 2 to 3. This led at first to 
the supposition that the black oxide of imn w'as a compound of 
one atom iron -f two atoms oxygen, and the peroxide of one 
atom iron + three atoms oxygen. It was under thisiinpi*csgion 
that Mr. Dalton fixed the w»eight of an atom of iron at 64. ; but 
when we examine the salts of iron, we do not find themt q accord 
with this view of the subject. Thus sulphate of iroti( aostracting^ 
the water) is a compound of 5 sulphuric acid 4* 4*5 I4ack oxide 
of iron. Now if we dissolve t)*6 grs. of anhydrous sulphate of 
iron in water, and 20*75 of dry nhrate of lead in another portion 
of water, and mix the two liquids together, weftttd that two new 
salts are formed, both of which are neutral; namely, su^hateof 
lead, and nitrate of iron ; so that 4*5 grs^ of black oxide of itou 
just neutraltae 6^75 grs. o# nitric acid. We eaa have no deiibf 
ftom this that anatom of protoxide of iron weiglis*4^5, or neatfjr 
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so. It was the knowledge of these facts that led Dr. Wollaston 
to pitch upon 3*45, and Dr. Front upon 3*5, as the atomic 
weight of iroA. 

I find by a very careful analysis, that the crystals of protosul- 
phate of iron are composed as follows : 


1 atom sulphuric acid ss 5*0 

1 atom protoxide of iron = 4*5 

7 atoms water = 7*875 


17*375 

For 17*375 grs. of this salt, when dissolved in water and pre- 
cipitated by muriate of barytes, give 14*75 grs. of sulphate of 
barytes, indicating five grains of sulphuric acid. When precipi- 
tated by ammonia, and the precipitate well dried, it weighs five 
grs. of peroxide of iron, which is equivalent to 4*5 grs. of protox- 
ide of iron. The remaining 7*875 grs. must be the water of 
ciystallization. This view of the subject is confirmed by the 
following experiment : 

I dissolved 17*375 grs. of the crystals of protosulphate of iron 
in distilled water : 13*25 grs. of chloride of barium were dissolved 
in another portion of water, and the two liquids were mixed. 
After the precipitate had subsided, the residual liquid was neither 
affected by muriate of barytes, nor sulphate of soda. It is 
obvious, therefore, that it contained neither sulphuric acid nor 
bastes; consequently 17*375 grs. of crystallized protosulphate 
of iron contain exactly five grs. of sulphuric acid. The remain- 
ing 12*375 grs. consist of protoxide of iron and water. It may, 
perhaps, be objected to the determination of the weight of an 
atom of protoxide of iron at 4*5 from this experiment, that w e 
are not absolutely certain that the portion of water in 17*375 
of these crystals is exactly 7*875 grs., or 7 atoms ; but the 
tacts ascertained are perfectly decisive on this point. By the 
analysis of Berzelius, the water in 17*375 grs. of protosiilpliate of 
iron weighs 7*888 grs. By my analysis, it weighs 7*819 grs. 
Now the mean of these two numbers is 7*853 grs. which is only 
.j^l^j^ths of a grain less than the theoretical quantity ; but if the 
water in this salt were 8 atoms instead of 7, its weight would 
amount to 9 grs, instead of 7*875 ; and only 3*375 grs. would 
remain for the oxide of iron ; but we are perfectly certain that 
its weight greatly -exceeds that quantity, it is evident that the 
quantity ot water in the salt must be a whole number of atoms : 
7*875 being the weight of seven atoms of water, and the liquid 
amounting sensibly to that quantity as nearly as can be esti- 
mated by experiment, we are entitled to consider it as the exact 
quantity ; consequently an atom pf protoxide of iron must 
weigh 4*5. This gives 3*6 for the weight of an atom of iron, 
fdmost the number pitched upon by Wollaston, and the ve^ 
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number made choice of by Prout. Berzelius's number is cer- 
tainly too small. 

It deserves to be mentioned that the whole of the iron cannot 
be precipitated from a solution of protosulphate of iron by means 
of phosphate of soda, in what proportion soever the saline solu- 
tions are mixed. The supernatant liquid contains both oxide of 
iron and phosphoric acid ; for it strikes a blue with prussiate of 
potash, and is precipitated white by nitrate of lead. Indeed I 
know no neutral salt capable of throwing down the whole of the 
iron from a solution of this salt. 

It is not very easy to procure protosulphate of iron perfectly 
free from peroxide of iron. The best way seems to be to dissolve 
the crystals in hot water, to filter the solution, and impregnate it 
with sulphuretted hydrogen gas. The crystals formed in such a 
liquid are pure profosulphate of iron. The mark by w^hich the 
purity of this salt, or at least its freedom from peroxide of iron, 
may be recognized is, that prussiate of potash precipitates it 
white instead of blue. 

IV. Manganese, 

Tlie only person who has endeavoured to determine the 
weight of an atom of manganese experimentally before me is 
Berzelius ; and his determination (when reduced) differs but 
little from mine; for 3*o5785, though a complicated number^ 
exceeds 3*o only by a very small fraction. 1 shall describe the 
experiment which I consider as demonstrating that the true 
weight of an atom of protoxide of manganese is 4*5. Sulphate 
of manganese is easily obtained by dissolving carbonate of man- 
ganese in sulphuric acid, and evaporating the solution sufficiently. 
It forms beautiful rhomboidal flesh-coloured prisms which are not 
sensibly altered by exposure to the air. After a few preliminary 
trials on this salt, 1 concluded that it is a compound of 


1 atom sulphuric acid .. = 5*0 

1 atom protoxide of manganese. . . = 4*5 
5 atoms water 5*625 


15*125 

To verify this conclusion, I dissolved 15*125 ^rs, of the dry 
crystals in water; 13*25 grs. of dry chloride of barium were 
dissolved in another portion of water ; and the two liquids were 
mixed together. After the precipitate of sulphate of barytes 
had subsided, the supernatant liquid was examined by means of 
muriate of barytes and sulphate of soda. It was not affected by 
either of these reagents. It follows from this, that 15^25 grs. 
of sulphate of manganese contain exactly 5 grs. of sulphime 
acid. The remaining 10*125 grs. consist of water mid protoxide 
of manganese. Now obtained from 15*125 grs. of 

Bulphate of manganese 6*346 grs. of water. I myself, £rom ihe 
eame quantity of . salt, extracted 5*48 grs^ water. . Jobe's. 
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quantity is only one-fourth of an atom of water, and mine only 
one-eighth of an atom of water, less than 5*G25 grs. But as 
neither three-fourths nor seven-eighths of an atom of water can 
enter into combination, we are entitled to consider the true 
quantity of W'ater present as 5 atoms, or o*(>25 grs. ; conse- 
quently, the protoxide of manganese present must weigh exactly 
4*5 grs. Thus w e get 4*5 for the weight of protoxide, and 0*5 
for tne weight of manganese in the metallic state* 

Thus we see that the atomic weights of iron and manganese 
are the same. 

V. mkeL 

* I am not certain that any chemist has taken the trouble to 
make an accurate analysis of sulphate of nickel. It is a salt 
which ciystallizes in beautiful fo.ir-sided prisms, and is not 
altered by exposure to the atmosphere. I find that 17*125 grs. 
of this salt, when dissolved in water, and mixed with a solutu n 
of 13*25 grs. of chloride of barium, let tall sulphate of barytes; 
and the clear lupiid, after the precipitate has fallen to the bot- 
tom, is neither iitfected by muriate of barytes, iku* by sulphate 
of soda ; consequently, it neither contains snlpliuric acid nor 
barytes. It is clear from this, that 17*125 grs. of tlie salt con- 
tain exactly 5 grs. of sulphuric acid. When 17*125 grs. of 
crystallized sulphate of nickel are exposed to a red heat, they 
sustain a loss of weight varying from 7*8 grs. to 8 grs. Now* 
the weight of? atoms of w’ater is 7*875, which agrees almost 
exactly with the loss of weight found by experiment. It is 
obvious from this that 17*125 grs. of this salt are composed as 


follows : 

1 atom sulphuric acid = 5*0 

1 atom protoxide of nickel = 4*25 

7 atoms water == 7*875 


17*12o 

Thus it appears that protoxide of nickel w eighs 4*25 ; conse- 
quently the weight of an atom of nickel must be 3*25. 

VI. Cobalt. 

The difficulty of obtaining this metal in a state of purity has 
hitherto retarded the exact determination of its atomic weight. 
I took a quantity of oxalate of cobalt, which 1 had purified by 
X^augier^s process, expoi^d it to a red heat in a platinum cruci- 
ble, and then dissolved it in sulphuric acid. By the requisite 
concentration, the sulphate of cobalt is obtained in small red 
pramatic crystals, which are not sensibly altered by exposure 
tso the w. They may be exposed to an incipient red heat with- 
out losing any of their ^id, provided ^ take care to raise the 
heat stomps and not to carry it too far. By this method I was 
aUe, after a hide practice, to defaive them endiviy of their 
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water of crystallization, while they still continued completely 
soluble in water, and of course had lost no sensible quantity of 
their acid. After various trials I found that 9*25 ’grs. of this dry 
salt, when dissolved in water and mixed with a solution of 13*26 
grs. of dry chloride of barium, left a liquid which was neither 
affected by muriate of barytes, nor sulphate of soda, and of 
course contained neither sulphuric acid nor barytes ; therefore 
9*25 grs. of dry sulphate of cobalt contain 5 grs. of sulphuric 
acid ; consequently, the anhydrous sulphate must be a com- 


pound of’ 

1 atom sulphuric acid = 5*0 

1 atom protoxide of cobalt == 4*25 


9*25 

Protoxide of cobalt then weighs 4*25. Hence an atom of 
cobalt must weigh 3*25. 

We see that cobalt and nickel have exactly the same w*eight. 
From the^ table at the beginning of this jiaper, we see that Ber- 
zelius gives the weights of these two metals almost the same, viz. 

Nickel 3*6*9755 

Cobalt 3*69000 

But these atomic weights are considerably higher than the 
truth. 

From the preceding experiments, I consider myself warranted 
to conclude, that the atomic weights of the six metals which 
have occupied our consideration in this paper are as follow s : 


Copper 

Zinc . 

Oxygen — 1. 

8*0 .. 

4*25 .. 

Hydrogen 

.... 64 

34 

Iron 


.... 28 

Manganese 


. . , . 28 

Nickel 

3-25 .. 

....26 

Cobalt 

3-2a . . 

. ... 26 


Thus it appears that these six metals, like the 14 other bodies 
previously subjected to examination, have atomic weights which 
are multiples of hydrogen : so that if we reckon hydrogen by 
unity, they are all whole numbers. If weinspeetthetabieofatomio 
weights when oxygen is unity, we may observe that the atomic 
weight is either a whole number, or a whole number together 
with one or other of the three following fractions, 4*, 4 , f 
atomic weights would still continue multiples of ^ atom of 
hydre^en (0*125), though they consisted of ttumbeia ttraunating 
in the fractions 4 ., z : but these frachons seem to hi 

excluded, at least as far as rar observations haee yat goxm. Urn 
consequence of this is, that when the atom of ^chtigsiiaimiil}^ 
the atomic of aH the o^er stiafle bodsas hnshecto Ma* 
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mined are even numbers. It is obvious that this rule cannot 
apply to those atoms of compound bodies which contain hydro- 

f en as a constituent. Thus the weight of an atom of water is 
•125, of an atom of muriatic acid 4-625, of anatom of ammonia 
2* 125. In the tables inserted at the end of the last edition of 
my System of Chemistry many exceptions to this law occur. 
The reason of this is, that though aware of the law, I did not 
choose to alter any of the atomic weights previously determined 
till I had satisfied myself, by unexceptionable experiments, that 
the old numbers are erroneous. 1 have little doubt that the 
atoms of bismuth, tin and antimony, and aluminum, are inaccu- 
rate, though I have not hitherto hit upon any mode of determin- 
ing the true .atomic weights of these bodies, which is quite free 
from ambiguity. The weight of bismuth, instead of being 8*875, 
as I have given it, is either 9, or 9*25 ; I am not quite sure at 
present which of the two ; but as soon as I have obtained satis- 
factory results for these, and the other simple bodies hitherto 
remaining undetermined, I shall lay them before the public. 


Article II. 

Analysis of a Native Carbonate of Magnesia from the East 
Indies, By William Henry, MJ5. FRS. &c. 

(To the Editor of the Annals of Philosophy,) 


Manchester^ March ^ 1821. 

I WAS indebted to the kindness of Dr. Babington for a speci- 
men of this mineral. He informed me that it w as brought by 
his son from the East Indies ; but as he has given me no 
account of its geographic situation or geognostic relations, I 
can only describe its external characters, and state the results 
of its chemical analysis. 

It occurs massive. Its colour is snow-white, with the excep- 
tion of a few small dots and stripes of ochre yellow. Its fracture 
is small conchoidal passing into uneven. It gives sparks with 
steel, and is not easily scraped by a knife, but is not hard enough 
to scratch duor spar. Its fragments are sharp edged. Inter- 
nally it has no lustre. It is very slightly translucent, and that 
only at the edges. Its specific gravity is 2*5615. 

It dissolves in acids at ordinary temperatures with extreme 
slowness, even when finely powdered, and whatever may be the 
specific gravity of the acid ; but by heat its solution is quick- 
ened, and carbonic acid is disengaged. This property is an 
obstacle to the determination of its proportion of carbonic acid, 
which cannot well be learned in the common way. To ascer-^ 
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tain it, I passed a fragment, weighing a few grains, into a jar 
inverted over mercury, and let up a sufficient quantity of dilute 
sulphuric acid, the full action of which required more than a 
week. Carbonic acid was disengaged at the rate of 1*1 cubic 
inch from every grain of the stone ; and reckoning 100 cubic 
inches of carbonic acid at a mean temperature and pressure 
= 46*5 grs. 100 grs. of the mineral would yield 51 grs. very 
nearly of the acid gas. 

One hundred grains, reduced to powder and calcined in a suf- 
ficient heat, lost 51*5 grs. A similar quantity being heated to 
redness at the bottom of a long glass tube, the upper and cool 
part of the tube just exhibited a visible degree of moisture, 
which could not amount to nearly a grain in weight. 

One hundred grains were dissolved in heated and diluted sul- 
phuric acid, with the exception of 1*5 gr. The insoluble part 
was not acted upon by being boiled to dryness with nitromuriatic 
acid, or with solution of potash, and when examined by a mag- 
nifier seemed to me to be a fine siliceous sand. The solution 
being evaporated, and the product heated to redness, gave 140 
grs. of dry sulphate of magnesia, equivalent at 33 per cent, mag- 
nesia to 46 grs. of that earth. 

One hundred grs. dissolved by an excess of nitromuriatic acid, 
left the same proportion as before of insoluble matter. The 
solution was evaporated to dryness, redissolved in water, and 

E art of the magnesia which had separated was again taken up 
y muriatic acid, carefully added, so as to be very slightly in 
excess. From one half of the solution, subcarbonate of potash 
precipil-ated, at a boiling temperature, carbonate of magnesia, 
which, when w'ashed, dried, and calcined, gave 23 grs. of the 
pure earth, equal to 46 ers. of magnesia, from 100 of the stone. 
The other half afforded, with a mixture of phosphate and carbon- 
ate of ammonia, a precipitate which, after being heated to red- 
ness, left 60 grs. of phosphate of magnesia, equivalent (if the 
base in 100 grs. of that salt be reckoned at 38*5 gre.) to 25 grs. 
of magnesia, or to 46 from 100 of the stone, thus confirming the 
other methods of analysis. 

The absence of lime and ahunine was inferred from the non- 
action of the proper tests of those earths on a solution of the 
stone in muriatic acid, rendered just neutral by ammonia. I am 
aware, however, that a minute proportion of lime, existing in ' 
any solution along with a considerable proportion of magnesia^ 
is not discoverable by the usual tests. Of this, any person may 
be satisfied by mixing a saturated solution of sulphate of lime 
with an equal bulk of solution of sulphate of magnesia ; for the 
mixed solutions are not rendered turbid by oxalate of ammonia, 
either immediately, or on standing. It is possible, therefore, that 
the mineral may contain h very small proportion of lime, though 
I did not discover any by analysis. The muriatic solution 
showed, on applying the proper tests, a minute trace qf iron. 
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From the experiments which have been described^ the mineral 
under examination may be pronounced to be an almost pure 
carbonate of magnesia, composed in 100 grains of 


Magnesia 46*0 

Carbonic acid 51*0 

Insoluble matter 1*5 

Water 0*5 

Loss 1*0 


100*0 

The acid and base are in atomic proportion, and the stone is 
constituted of one atom of each ; for as 46 to 61, so very nearly 
is 24*6 to 27*5, the numbers which, on Dr. Wollaston’s scale, 
denote the equivalents of magnesia and carbonic acid. 

i avail myself of this opportunity of expressing my doubt 
whether such a salt as the (yicarhomite of magnesia^ constituted 
of one atom of base and two atoms of acid, really exists. This 
doubt, it is true, is founded on the examination of a suigle speci- 
men of a salt prepared by myself several years ago. It was 
formed by mixing a dilute solution of sulphate of magnesia with 
a solution of carbonate of soda highly charged with carbonic acid 
under pressure. iVo immediate change occurred : but after a few 
days, small hemispherical masses, consisting of congeries of 
crystals radiating from a common centre, had formed on the 
inner surface of the vessel. Having a few" of these left, I have 
lately again examined them, and find them composed of base 29, 
acid 30, and w"ater 41. These proportions ot acid and base, 
perhaps from some trifling impurity of the salt (on which, hav- 
ing now exhausted my whole stock, 1 cannot make any more 
experiments) do not exactly agree with the carbonate ; but they 
are very remote from those that should constitute a bicarbonate. 
Should any of your readers have prepared and analyzed a true 
Ificarbonate of this earth, the information will, perhaps, be 
Acceptable to others as well as to myself. 


Article III, 

On the Red Rock Mark, or Newer Red Sandstme, 

By the Rev. J. J. Conybeare* 

(To, the Editor of the Annals of Philosophy,) 

MY BEAK SIR, jRath Eution, Feh. 16, mU 

If tile following remarks on one of the British strata, which 
has as yet been but imperfectly described, appear to yon worthy 
of insertion, they are much at your service. Some parts of the 
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detail may, perhaps, be thought too minute, but it would, I con- 
fess, be my own wish, had 1 the power and opj)ortunity to render 
them yet more so. It is even at this day only by the diligent 
accumulation of facts (and not unfrequently of those which may 
seem at first the most insulated and insignificant) that we can 
hope to obtain materials for the accurate history of the globe 
which we inhabit, llelieve me, my dear Sir, 

Yours, with much esteem, 

J. J. Con YBEAUE. 


The series of strata distinguished by geologists as the red 
n)ck marie, or newer red sandstone, occupies, as is. well known, 
a (‘ousiderable tract in the county of Devon. Its geological 
character and relations have been noticed by Deluc and others, 
and more than one opinion has been given as to the nature and 
origin of its contents, which, with a most sincere respect for 
those from whom they have proceeded, 1 can scarcely regard as 
compatible ^\ith the results of a diligent, though, perhaps, a too 
partial examination. A short residence at Dawlish afforded me 
the opportunity, as well of observing the various aspects of the 
rock itself, which, on that part of the coast, offers large and 
uninterrupted sections, as of forming a tolerably complete series 
of the different substances imbedded in the strata which extend 
from thence to Teignniouth. 

In these strata the rock exhibits itself under the several cha- 
racters of a sandstone, ( itlier loosely compacted, or altogether 
pulverulent ; a marie, more or less indurated ; and a breccia 
composed of fragments of various sizes. Near to Dawlish, the 
sandy form is more frequent, towards Teignmouth the breccia, 
the base of which is usually marie, of an unctuous and argillaceous 
character. The marie has frequently those patches of white and 
[)urple, which have been often noticed as characteristic. The 
mineral contents of the rock seem to be few. Calcareous spar 
occurs in small patches a little south of Dawlish. Ojt/psum I 
could not detect either here or under the elevated plains of 
Haldon. On Blackdown, however, I have found it in smatt 
unrlules, A sand sufficiently charged with, and indurated by 
iron, to be termed i roust oncy traverses in all directions, the cliff 
to the north of Dawlish (see Deluc, vol. ii. p. 85), and the earthy 
Imncn oxide of manganese is found in numerous small cavities 
nearly through the whole range of the coast. In one instance I 
detected a small portion of the black oxide of cobalt, precisely 
resembling that found at Alderley edge (Cheshire) in the same 
strata*’*^ But the most remarkable feature in the rock appears to 

* I am indebted to the Rev. thi Dean of Bmtol Ibr an addition to ^ meagre cata- 
logue. That gentleman has had the kindness to forward me some q^eomana ol chafoe^ 
dony., which he discovered in this rock notfar foom Torquay. H is ooarae, andappears 
under the form of spherical nodules either hdiow or invmting portioos of snaxle ilaslC 
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be the variety of substances contained in its brecciated form, 
Deluc has mentioned two only of these, the limestone and grey- 
wacke, though he insinuates that there are others, and appears 
(if I rightly understand the paragraph) to apprehend that of these 
the limestone only can be traced to any neighbouring rock, an 
opinion which, in its full extent, seems untenable. The following 
catalogue presents a tolerably faithful description of the frag- 
ments occurring in the breccia of Dawlish and Teignmouth, with 
the addition of some few from other quarters. 

Granite and Porpht/ritic Rocks , — 'These form a very consider- 
able portion of the imbedded fragments. A‘. A minute aggrega- 
tion of pale reddish-brown crystalline felspar, quartz, and common 
schorl. A“/ Same with felspar, somewhat darker, and more 
crystalline. A^ Same mixture, with lighter-coloured felspar, and 
the schorl distributed in small conten)poraneous veins, as well as 
intermixed in the mass. B. Felspar same as A nodules of 
quartz, and minute portions, apparently crystalline, of chlorit? 
Structure semiporphyritic, C. Minute aggregate of earthy fel- 
spar, of a pale dirty-red, quartz, and chlorit. Sanie witfi the 
felspar, less earthy, and of a deeper red. D. Porphyritic base> 
of a purplish-white, apparently a minute aggregation of earthy 
felspar and quartz, imbedded quartz in small nodules, and some 
crystalline felspar (semivitreous). D-, The same with the quartz 
so much predominant in its base as to give it, at first sight, the 
aspect of a sandstone, or greywacke.* 1)\ Same with imbed- 
ded semivitreous felspar, and common felspar in various stages 
of decomposition (from the bed of the river Exe). D\ Base 
more felspathic, and of a deeper purple, much disintegrated, 
with the exception of the semivitreous felspar. Many cavities 
filled with earthy felspar. Porphyry, base compact felspar, 

of a greyisli-wiiite, having imbedded small nodules of quartz, 
and penetrated by numerous cavities, apparently left by the dis- 
integration of crystals of felspar, and the loss of the powdery 
matter so produced. (This remarkable character I have 
observed in more than one porphyry from Cornwall.) E. Base> 
a minute aggregation of earthy felspar, quartz, and chlorit, 
coloured green by the latter, imbedded minute crystals of flesh- 
coloured felspar, and small nodules of quartz. (Descent of 
Haldon on the eastern side.) Ail these occur in various stages 
of disintegration. Those prophyrics approaching the nearest in 
colour to the marie which surrounds them are, when far advanced 
in this state, not readily distinguishable from that substance, the 
outline of the original fragment being so broken down and lost, 
that it appears to pass insensibly into the imbedding mass. 
Hence, perhaps, som egeologists, of no inconsiderable authority, 
have been induced tef suspect that theje, and, by consequence, 

* It is dinrtinguisliable, however, hy its fusing readilj before the blow-pipe into a 
vitreous globule. On breakiiig too tlie larger masses, the interior is found to be same- 
what more fdspathic. 
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the other fragments imbedded in the red marie were of a forma* 
tion contemporaneous with itself.* A minute and accurate 
inspection of the coast between Dawlish and Teignmouth must^ 
however, I think, convince us of the truth of the commoner, or 
at least earlier, opinion which regards them ^ derived from the 
breaking up of the inferior strata. Other fragments imbedded 
in the marie are or compact sandstone, F*. Compact 

greywacke, of a dirty- white, much ironshot, having the aspect of 
a sandstone with a very small intermixture of argillaceous matter. 
F**. Compact greywacke, quartz more predominant, and closely 
aggregated ironshot throughout of a reddish-grey. F*. Same, of 
a greyish-black, with contemporaneous veins of white quartz. 
G'. Black coynpact siliceous rhck, of a very close texture, resem* 
bling lydian stone, G‘^. The Same intersected in all directions 
by small veins of ragged quartz, so as nearly to resemble a brec- 
cia, occasional cavities tilled with brown manganese ochre. 
H. Small fragments, apparently of the reddisli greywacke slate, 
proviucially termed shillat. This list might b«^ increased by the 
enumeration of* some more trifling varieties in the compact grey- 
wacke. Calcareous rock, 1*. Semiciystalline limestone, of a 
dirty- white, without organic remains. (Near the headland 
termed the parson and clerk.) I *. Dark grey limestone, without 
organic remains, near Teignmouth. P. Same, full of coralloids. 
Same spot. 

It may be added, that insulated fragments, and occasionally 
ciystals of semivitreous felspar are met with in the marly beds. 
A pit near Exeter aflbrded me an interesting specimen of three 
macles united in a single groupe. Generally this variety of fel- 
spar seems to have resisted the action of those causes which 
have produced the disintegration of its parent rock. 

The fragments which I have attempted to describe are, for 
the most part, mixed promiscuously in the same strata. Occi^ 
sionally particular substances predominate, but rarely, or never 
(as far us my observation went) to the total exclusion of all 
others. The porphyritic and quartzose fragments have usually 
their angles but slightly rounded ; in some cases, not even per- 
ceptibly so. The calcareous portions have generally more the 
appearance of being worn (as would from their softness be the 
case) by attrition. These facts, added to the consideration that 
the porphyritic or felspathic portions bear no resemblance to the 
only solid rock which appears to be subordinate to this forma- 
tion (namely, the amygaaloid of Thorverioti) will, perhaps, be 
suflicient to establish the mechanical origin of the breccia in 
question. We shall then have to inquire whence its contents 
might be derived. 

The calcareous fragments a resemblance sufficiently close 

to the limestones of Chualeigh and Babicomb. A limestone 

* See Dr. Kidd's Esuj, p. 109. I h«ve every MMon to believe that to Iblsopiiiioa 

respected friend was by no means singular. 

New Senes, vol. i. r 
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more abundant in coralloids is found yet nearer in the neigh- 
bourhood of Lindridge. The limestone also of Bickington, near 
Ashburton, contains many of these fossils. The fragments of 
the greywacke class may readily be traced to the rocks of that 
species which lie in most places immediately beneath the marie, 
and with which indeed the transition limestones of the country 
are interstratified. Of the granitic and porphyritic fragments, 
those marked A, 1, 2, 3, have all the characters of a rock fre- 
quently occurring on the confines of the Dartmoor granite, and 
not unfrequently intermixed either as veins or irregular masses, 
both with that rock and with the neighbouring schistus. It will 
be found thus distributed a little beyond Bovey Tracey. I have 
. met ^^ith aggregates nearly similar at the junction of granite 
and schist at Ivy Bridge, and at Buckland in the Moor. The 
remaining felspathic fragments 1 have little hesitation in refer- 
ring to that class of rocks which are known by the name of 
Elvans, and found in numberless instances traversing the metal- 
liferous slate of Devon and Cornwall. In the latter county, 
they have been more frequently observed, both from the greater 
extent of those sections of the Killas which are offered by its 
coasts, and the frequency and magnitude of the excavations made 
by the miner. In Devon 1 have noticed them near Tavistock, 
near Buckland Monachorum, and in the course of the West 
Okement, and have no doubt tliat they might be detected in 
various otherquarters,especially near the junctions of the granite 
and slate. The only instance of disbiuhlarity which 1 have 
observed is the occurrence in some cases of large crystalline 
masses of the felspar, which I have termed semi vitreous, and 
stated to form a pan of the rocks niirked D 1, 2, 3, 4. My 
limited collection of Elvans does not alford any analogous spe- 
cimen, but when wc remember that nearly every mine in Corn- 
wall presents one or more varieties of this rock, and how endless 
are the minute shades of difference which characterize them, it 
will, I think, be allowed that there is nothing improbable in the 
supposition that the whole contents of this breccia have been 
furnislied by the inferior rocks of its immediate neighbourhood, 
by those, perhaps, whose edges are yet covered by it at a depth 
to which our labours and investigations have but little chance 
of penetrating. 

Xou will scarcely need to be reminded that Mr. Leonard Hor- 
ner arrived at a like conclusion from his examination of the 
rock marie and adjacent strata in Somersetshire.* It struck 
me as singular that among the fragments which fell under my 
inspection I observed no traces of hornblende rock, or green- 
stone, although the latter especially, and in some instances 
small portions of the former are to be found on the borders of 
Dartmoor. The cliffs *of Henoch |fresent so large and striking 
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a specimen of greenstone as long ago to have attracted notice, 
and the town of Bovey Tracey stands on a rook of the same 
nature. 

I forbear to speculate on the probability that the whole extent 
of the red marie was produced by the degradation of the rocks 
which have left their fragments still imbedded in its mass. The 
total absence of those organic remains^ which occur so abund- 
antly in the strata immediately below as well as above, and the 

f eneral want of consolidation in its various and heterogeneous 
eds, certainly argues that its formation took place under dif- 
ferent circumstances, and by a different process from that of the 
subjacent slate and limestone, or the superincumbent lias. The 
strata at Dawlish are not everywhere of uniform thickness ; they 
dip at an angle hardly exceeding 13 to S.E. by S. On this 
coast they are usually capped by the debris of the green sand 
formation which covers the neighbouring heights of flaldon. At 
Dawlish these debris are much more plentiful than at Teign- 
mouth. It may be remarked, that while they cover so large a 
space towards the coast, they are of much scarcer occurrence 
on the plain of Bovey, which lies under the opposite declivity of 
iialdon. Some, however, apparently W'ater worn, are found on 
that tract. I cannot conclude without expressing a wish that 
the whole extent of this formation were carefully examined by 
some abler and more instructed observer. 


Article IV. 

A new Method of constructing geometrically the Cmses of Spheri-- 
cal Triangles by a Developement of their Parts in Plano^ By 
Mr. W. L. Birkbeck. (With a Plate.) 

(To the Editor of the Annals of Philosophy.) 

SIR, Londoft^ March lU. 

The advantage of constructions as means of ehecking the 
calculations of plane trigonometry has been generally so appa- 
rent, that many trigonometrical wnters have given simple geome- 
trical constructions for the cases of plane triangles. With 
regard, however, to spherical trigonometry, a different course 
has been ad^ted ; and as the consideration of the position ef 
the various circles of the sphere lirst led to the problem of ffnd*- 
ing certain parts of the triangles formed by their intersectiow 
&oin others that might be given, the writers on tltis subject have 
thought it necessary that these mtoles shoidd be represented 
on a i^e, as they actually appear on the spher^ Of the 
aevecal methods of doing this, the stereograpUc prejedion has 

R 3 
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generally claimed the preference; but although this has the 
advantage of exhibiting the position of any spherical triangle in 
lelation to the several circles of the terrestrial or celestial sphere, 
yet the length of the constructions required to represent truly 
only one triangle renders it by no means the most desirable way 
of arriving at those parts by geometrical construction. The 
method pursued in this short essay considers the triangle as the 
aphericai surface of a tetrahedron whose vertex is the centre of 
the sphere, and by imagining the sides of this tetrahedron laid 
down on a plane, obtains the required parts of the triangle by 
•constructions that may be performed with facility by the help of a 
«cale of chords. The figures here used are contained within 
much narrower limits than in most instances of stereographic 
projection, since the centres of some of the circles in it often 
fall at a very great distance. The constructions in the present 
paper may, it is presumed, be called new ; for although M. Mau- 
duit has constructed the first case, and part of the second, in a 
manner somewhat similar, yet his method is considerably longer; 
and the remaining part of the second, and the whole of the third 
case, I believe, have not been constructed except by projection, 
by any trigonometrical writer. As by means of the supplemental 
triangle the six cases of trigonometry are reducible to three, it 
has only been thought necessary to give the detail of three cases 
in this paper. 

Case /. — Having given the three sides A B, B C, A C, of a 
spherical triangle (PI. VI.) tig. 1, to find any one of the angles 
ms A. 

With the chord of 60^ as radius, taken from any convenient 
scale of chords, describe a circle C' B A C, fig. 2, and by 
means of the same scale set off the arcs A B, B C', A C, equal 
to the three given sides respectively ; from the centre O draw 
O C', O B, O A, O C, and let fall the perpendiculars C D, C' E, 
to O A, O B, meeting in P ; from P apply P N equal to C D, 
meeting O A (produced if necessary) in N, then the angle NPD 
is equal to the angle A, required ; the number of degrees, &c. in 
which may be ascertained either by a scale of chords or a pro- 
tractor. 

Case 2. — When two sides A B, B C, and the included angle 
B, are given. 

First, to find the third side A C. 

From any point O, as a centre, fig. 3, with the chord of 60°, 
describe a circle as before, set off the arcs B A, B C, equal to 
the given sides, and make B O L, equal to the given angle ; 
^raw C E pernendicular to O B, and on O L take O M = C E, 
and make M N parallel to it ; on C£ produced take EP = ON, 
and set off N H = P A. The distance M H is equal to the 
chord of the required side to the radius O B. 

Secondly, to find either of the other angles, as the angle A. 

With the chord of 60? describe a circle as before, and set off 
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the arcs BA, B C, fig. 4, equal to the given sides, and make^ 
B O L equal to the given angle ; let fall C E perpendicular 
to O B ; on O L take O M = C E, draw M N parallel to it, and 
on C E produced take E P = ON. Join O A, let fall P D per- 
pendicular to it ; take N K = P D, and join M K ; then 
M K N is equal to the required angle A. 

Case 3. — When two sides B C, C A, and an angle A opposite 
one of them are given. 

First, to find the third side A B. 

With the chord of 60° as radius, and from any centre 0,fig. 5^ 
describe a circle, set off the arcs C B, C A, equal to the given 
sides, and make C' O L equal to the given angle, draw A Iper- 
pendicular to O O, take O M = A I, and draw M N perpendi- 
cular to O C ; from M apply M F = chord B C, meeting C O 
produced, if necessary, in F ; make I P = O N, and from P as a 
centre, with the distance F N, intersect the circumference of the 
circle in 11 and H' ; the arc C II, or C IF, i^ equal to the third 
side required. 

Secondly, to find the angle B oppovsite the other given side. 

Witli the chord of 60° describe a circle as before, take the 
arcs C B, C A, fig. 6, equal to tlie given sides, and make COL 
equal to the given angle ; draw A 1, B K, perpendicular to O C, 
talke () M = A I, and from M apply M H = B K, meeting C O, 
produced, if necessary, in H : the angle M H C, or its supple- 
ment M 11 C' is equal to the required angle B. 

Tiiirdly, to find the angle C included by the given sides. 

Find the third side A Bby the first part of this case, and the 
angle C from the thre<5 sides by Case 1. 

This third Case it is well known frequently admits of two solu- 
tions, and in those instances in which the data lead to,a double 
solution, these constructions will accordingly give two values for 
each of the required parts. In the first part of the Case, if 
either falls upon C, or on the same side of C with B, there will 
be only one value of the side A B, viz. C II. In the second 
part of the case, if either of the angles IVl H C, M 11 C', taken as 
the value of B make \ (A -p B) of the same affection with 

(B C 4- C A) then either of these angles may be that required, 
but if only one of the values of B is in accordance with the 
theorem, ^ (A -f B) like -i- (B C -f C A), this value is that 
required. 

In the third part of the Case, the angle C will have one or two 
values according as the side A B has one or two values. 

Without giving the demonstration of these constructions with 
all the rigour of the Euclidean geometry, tlie mathematical 
reader will, it is presumed, be convinced of their accuracy from 
the following general explanation. Suppose och a, fig. 7, to be 
a spherical tetraedron wnbse radius, o a, is equal to the radius of 
the scale of chords made use of in the preceding constructions, 
and whose convex surface, a c ft, forms the triangle proposed to 
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be solved. Imagine r p to be drawn perpendicular to the plane 
a^b a; let cd, (\e, in the planes o c a, oc h, be perpendicular to 
o a, 0 6, respectively ; then if p rf, p e, p (/, p i, c a, c by be joined^ 
it is obvious that the angles c pd, c pCy c p a, c p by o dpyO e p, 
are all right angles, that the angle, c dp, measures the inclination 
of the jnanes, oca, o b a, and is consequently equal to the 
spherical angle at a, and that in like manner cep k equal to the 
spherical angle at b : moreover c Oy c h, are the chords of the 
sides c a, c b. This promised, it will appear that in Case 1, CD, 
C' E| are equal respectively to c d, c e, and that P is situated in 
the sector B 0 A, as p is in i o « ; so that P I) = p d, but P N 
= CD == c d, and the right angle PDN = cp d; therefore, the 
angle N P D*= c d p = spherical angle a. 

Case 2. — Here C E, fig. 3, = r r, or O M = r e, and since 
N O M = given angle A, = c e p, and angle M N O = a right 
angle ; therefore, the triangle O M N is equal to c e p, and M N 
^ c p : also because O E = oe, and E P = O N = t: p ; there- 
fore, P is situated with respect to the points B, A, as p is with 
respect to a ; consequently P A = p </,but N H = P A, and 
M N = c p, wherefore the right angled triangle, M N 11, is equal 
toe p a, and M 11 = ( ^/ = chord of side c a. 

In the second part of this case, P is found as before, corres- 
ponding to p, and, therefore, P D, perpendicular to O A, is 
obviously equal top dy butN K = P L),or p c/, and M N = cp, 
wherefore the right angled triangle M N K is equal to c p d, and 
the angle IM K N equal to cd py or to the spherical angle a. 

Case 3. — Here it is obvious that A 1, or O M, is eijual to c d, 
and the angle M O is equal to the given spherical angle a, that 
is, to c rf p ; therefore, the triangle M O N is equal to c d p ; 
hence M = c p, and O N = r/ p. Also since M F = chord 
B C = be, the triangle F M N is equal to b c p, and, conse- 

J oently, F N ^ plr, moreover, becaiuse I P = O N = t//>, therefore 
^ is situated with respect to the points O, C, and arc C A, asp, is 
with respect to o, a, and arc a b, but p b has been found = F 
therefore, the intersection of an arc described from the centre 
P, with the radius F N, will determine the point H correspond- 
ing to by and the arc C II will be equal to a b. 

In the second part of Case 3, A 1, or O M, is actual io c 
and B K, or M H, to c e. Hence the angle M ()N being ec^ual to 
the spherical angle a, that is toe dp, ihe triangle M 1\ O is 
^ual to c p d, and, therefore, M N c p; but M H = BK =: ce, 
therefore, the triangle M X II is equal to the triangle c p and 
the angle M H N, or M H C, equal to c e p, or to the spherical 
angle b. 

I am respectfully yours, 

W. L« Birkbeck. 
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M. Braudes on Atropium. 

Article V. 

On Atropium, a new Alkaline Body in the Leaves of Atropm 
Belladonna . By M. Rudolph Brandes.* 

M.Br ANDES first states, with reference to another paper of 
his vvliich has not come to hand, that he found, in an analysis of 
the leaves of atropa belladonna, that pure alkalies precipitated a 
substance from the decoction of them which had alkaline 
properties like morph ium. He then boiled a filtered decoction 
of the leaves of atropa belladonna with pure magnesia, washed 
the powder thus obtained with water, and boiled 4t in alcohol. 
This hot solution in alcohol had likew'ise alkaline properties, and 
proves, therefore, that they were not to be ascribed to the alkali 
employed in the first experiment. lie then goes on to state the 
folio wing experiments : 

I boiled two pounds of dried leaves of atropa belladonna,.. in a 
sufficient quantity of water, pressed the decoction out, and 
boiled the remaining leaves again in water. The decoctions 
were mixed, and I added some sulphuric acid in order to throw 
down the albumen and similar bodies ; the solution is thus ren- 
dered thinner, and passes more readily through the filter. The 
decoction was then supersaturated with potash, by which I 
obtained a precipitate that, when w’ashed with pure water and 
dried, u’eighed H9 grs. It consisted of small crystals, from which, 
by repeated solution in acids, and precipitation by alkalies, the new 
alkaline substance, atropium, was obtained in a state of purity. 

Properties of Atropium, — The external appearance of atropium 
varies considerably according to the different methods by which 
it is obtained. When precipitated from the decoction of the 
herb by a solution of potash, it appears in the form of very small 
short crystals, constituting a sandy powder. When thrown 
down by ammonia from an aqueous solution of its salt-s, it 
appears ill flakes like wax, if the solution is much diluted^ if 
concentrated, it is gelatinous like precipitated alumina ; when 
obtained by cooling of a hot solution in alcohol, it crystallizes in 
long, acicular, transparent, brilliant crystals, often exceeding one 
inch in length, which are sometimes feathery ; at otlier times 
starlike in appearance, and sometimes they are single crystals. 
Atropium, however, is only obtained in such a crystalline state 
when rendered perfectly pure by repeated solution in muriatic 
acid, and precipitation by ammonia : a solution of impure 
atropium wnich I made by boiling the decoction of the leaves 
of atropa belladonna with magnesia, and dissolving the precipi- 
tated alkali in hot olcohd, has not, during half a year^ deposited 
any oystals but merely nakes* 

^ From Scbwdigger** Journal, vol sxviix. p. I. 
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The colour of atropium depends in a great measure upon its 
state of purity. When perfectly pure it is snow white, other- 
wise it is more "or less yellowish- white. When pure, it has no 
taste. When strongly heated, it is decomposed, is charred, and 
gives out an empyreumatic smell. 

Cold water has hardly any effect upon dried atropium, but it 
dissolves a small quantity when it is recently precipitated ; and 
boiling water dissolves still more. 

Cold alcohol dissolves but a minute portion of atropium, but 
when boiling it readily dissolves it. Atropium, however, is 
much more difficultly dissolved by boiling alcohol than inor- 
phium, and while the solution is cooling, the greatest part is 
again deposited. In order to ascertain whether, alter the crys- 
tallization of *the atropium, the remaining spirit contained any 
quantity of this body, I evaporated two drachms of it, but they 
left scarcely a trace of it. 

Ether and oil of turpentine had even, when boiling, little 
effect upon atropium. Hot oil of almonds dissolved a much 
greater quantity of it, and seemed to become less daid. The 
experiment, however, was made on so small a scale that 1 w'as 
unable to ascertain whether the oil had undergone the same 
alterations w'hich Chevreul and Braconnot observed in saponi- 
fied fat, and which Boullay believes he has produced by picro- 
toxium. 

Salts of Atropium . — Atropium forms salts with acids, the 
greater number of which are readily soluble in water ; but 1 
never have succeeded in obtaining them perfectly neutral, or in 
freeing them completely from adhering acid. Even when care- 
fully washed and pressed between fine paper, they reddened 
litmus paper in most cases ; but when care was taken, there 
was only a trace of free acid remaining, and which cannot be 
regarded as an objection to considering the atropium as the basis 
of salts ; for the w hole quantity of acid coml)ined with the alka- 
line body would have produced a much more powerful effect 
upon litmus paper, had it not been attracted and neutralised by 
this substance. 

Atropium and Sulphuric Acid. — Atropium, when slightly 
heated with concentrated sulphuric acid, is decoinjjosed and 
blackens; a similar effect takes place when sulphate of atropium 
in its crystalline state is dried without being previously washed 
with alcohol, and deprived of the adhering acid. Diluted sul- 
phuric acid dissolves atropium after some time, and more easily 
when the alkali has not been dried. Exposed to spontaneous 
evaporation, crystals of sulphate of atropium appear, of which I, 
however, could not ascertain the form with sufficient accuracy, 
there existing a great variety of crystals, and the planes being 
very imperfect. The most perfect seeniwi to me to be rhomboe- 
drical tables and prisms with square bases ; the lateral planes 
partly truncated, and the lower acute angle of the new planes 
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often reaching down to the middle of the prism. These trian* 
guiar planes appear frequently on the crystals qf sulphate of 
atropium, and are distinguishable by their great lustre. 

The sulphate of atropium is soluble in four to five parts of cold 
water ; it seems likewise to be soluble in alcohol ; for when 1 
had poured the remaining liquid from the crystals^ and begun to 
wash them with spirit of 90 per cent, alcohol, a quantity of the 
salt seemed to disappear, and this cold solution in alcohol, when 
ammonia was added, became milky by the precipitation of 
atropium. 

It does not attract moisture from the air, when as much as , 
possible freed from its adhering sulphuric acid, but, on the con- 
trary, it Joses its water of crystallization. It is decomposed 
when strongly heated, and becomes black. 

The salts of barytes deprive this salt of its sulphuric acid, and 
the carbonated as well as the pure alkalies precipitate atropium 
from the solution. 

Composifiott of Sulphate of Atropium, — (A.) Three grains 
were exposed on a watch glass to a moderate heat. While the 
water of crystallization was evaporating, it became slowly opaque, 
assumed a inilk-wdiite colour, on a few places it had begun to 
blacken, and resembled enamel in appearance. When it had 
ceased to lose weight by heat, the loss amounted very nearly to 
three-fourths of a grain, or 25 per cent, which is to be considered 
as water of ciystallization. Ihe salt was only in a very slight 
degree decomposed, and was almost entirely soluble in water. 

(B.) Three grains of the same salt were dissolved in water, 
and ammonia was added to the solution. The precipitate, when 
collected on a filter, weighing 3^ grs. washed and dried amounted 
to a little more than grs. 

(C.) 1'he filtered liquid from (B.) after l>eing supersaturated 
by acetic acid was mixed with a solution of muriate of bai^tes. 
There was as much sulphate of barytes obtained after heating it 
red, as would indicate almost 36 per cent, of sulphuric acid. 

The sulphate of atropium, therefore, is composed of 

Atropium .... 

Sulphuric acid 

Water 

100 

I must confess I had some doubts as to the correctness of 
this analysis, for on comparing it with that of the sulphate of 
strychnium by Pelletier and Caventou, and that of sulphate 
of picrotoxium by Boullay, and my own analysis of sulphate of 
morphium, it appears that all these three alkaline substances are 
very low in saturating pow^r ; while the atropium would, accord- 
ing to ray analysis, neutralise a much larger quantity of sulphuric 


39 

36 
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acid. If, however, there was only a slight inaccuracy in the 
analysis, or if* there had remained some free sdphuric acid in 
the salt, this of course must make a great difference in the 
result, the experiments being made with so small a quantity. I 
therefore, thought it necessary to repeat ray analysis with a 
larger quantity of salt, for which purpose I dissolved a new 
quantity of atropium in dilated sulphuric acid, and exposed the 
solution to spontaneous evaporation. I obtained beautiful crys- 
tals, which 1 washed with alcohol, and repeatedly pressed them 
between fine blotting paper. Thus 1 obtained 18 grs. of sul- 
phate of atropium. 

Five grains of this salt were carefully heated to expel the 
water. ^Fhe loss amounted to I 4 - gr. which indicates 2o per 
cent, water of crystallization. 

Ten grains were dissolved in water, and decomposed by 
muriate of barytes. The weight of the sulphate of barytes was 
11 grs. equal to 30‘*13 per cent, of sulphuric acid. 

After the deduction of 25 w'ater and 36*13 sulphuric acid, 
there remains 38*87 for the atropium, and the composition of 
sulphate of atropium w ill be : 


Atropium . 38*87 

Sulphuric acid 36*13 

Water 25*00 


100*00 

The close approximation in the results of both analyses must 
evidently lead me to the conclusion that the error could not be 
very great. My doubt as to the great saturating capacity of the 
atropium induced me, however, to make a third experiment. I 
took atropium, obtained by cooling a hot spirituous solution, put 
it into some fresh alcohol, and added sulphuric acid until it was 
dissolved. The spirituous solution w*as completely clear, and 
yielded, after spontaneous evaporation, beautiful crystals of 
sulphate of atropium. After w*dshing them with ether until this 
fluid ceased to redden litmus paper, 1 dried the salt between fine 
blotting paper. 

With this salt I repeated my analysis. By drying three grains 
I found the water of crystallization amounting to nearly 24 per 
cent. Three grains were dissolved in water, and the solution 
reddened litmus paper slightly, notwithstanding repeated wash- 
ing with ether. The sulphuric acid was precipitated by a so- 
lation of muriate of barytes. The weight of the sulphate of 
barytes, after exposing it to a red heat, was 3*25 grs. indicating 
I’l 13 gr. of sulphuric acid, equal to 37*1 per cent. 

The composition of sulphate of atropium, according to this 
anaiysis^ m , therefore, * 
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Atropium • 38*9 

Sulphuric acid 37' 1 

Water 24*0 


100-0 

This I thought sufficient to remove all doubts as to the great 
saturating power of atropium. It proves the peculiar nature of 
this alkaline body, when compared with the rest of the seanalo- 
gous substances, all af which are capable of neutralising only a 
very small quantity of acid. Even picrotoxium, though accord- 
ing to Boullay, only crystallizable when an excess of acid is 
present, as appears to be the case with atropium, is .capable of 
combining with only nine per cent, of sulphuric acid. I have little 
doubt that the mean number of these three analyses will approach 
very near to truth, and that, therefore, sulphate of atropium is 
composed of 


Atropium 38*93 

Sulphuric acid 36*52 

Water 24-55 


100-00 

It seems as if atropium is capable of combining in different 
proportions with sulphuric acid. I once added an excess of 
sulphuric acid to atropium diffused in water, and I observed a 
sudden formation of long prismatic crystals, which seemed to 
be bisulphate of atropium. These crystals required several hun- 
dred times their weight of water for solution, while the salt of 
atropium which I analysed was soluble in four or five parts. It 
is well known that with picrotoxium the case is similar. I made 
several experiments to prepare that salt, but I could succeed 
only when I diffused atropium in alcohol, and then added an 
abundant quantity of sulphuric acid. By this process the salt 
quickly appeared as a crystalline precipitate. 

Once as I evaporated a spirituous solution of sulphate of 
atropium, I was struck with the smell of bitter almonds. To 
determine whether the solution contained prussic acid, I diluted 
it, and added some solution of sulphate of deutoxide of iron : 
there did not, however, appear the least trace of a blue colour. 

Atropium and Muriatic Acid , — The salt produced by the 
combination of muriatic acid and atropium appears in beautiful 
white brilliant crystals, which are either cub^ or square plates, 
similar to the muriate of daturium. It is readily soluble in 
water and alcohol. By nitrate of silver the chloride is precipi- 
tated, and the alkidi^ precipitate pure atropiuin ftntn k. Even 
after the moat careful washing, I alwaye obeereed some tiecw 
of free acid. 

Afutlpm af lAe Hunato if muieitcKdr tide ana^ 
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lysis not only to ascertain the composition of this salt, but also to 
ODtain additional evidence as to its great saturating power. 

(A.) Three grains of muriate of atropium, when dried at such 
a temperature that no decomposition of the alkali could take 
place, lost nearly g**- 

(B.) Three grains of the same salt were dissolved in water, 
and the atropium thrown down by ammonia. After repeated 
washing with small quantities of water, it was collected on a 
filter, which, after being dried carefully, showed an increase of 
w^ht of nearly 1-y^th gr. which were atropium. 

Tlie composition of this salt is, therefore, 


Atropium 39*19 

Muriatic acid 25*40 

Water 35*41 


100*00 

Atropium and Phosphoric Acid. — Atropium, when dissolved 
in a great quantity of phosphoric acid, and evaporated, forms a 
mass like gum, which attracts the moisture of atmospheric air, 
and deliquesces. If less phosphoric acid is used, the solution, 
after spontaneous evaporation, yields some quadrangular prisms, 
which salt is readily soluble in water, and is hkeuise readily 
dissolved by alcohol. 

On other Salts oj* A tropin m. — Nitric, acetic, and oxalic acid 
dissolve atropium, and form acicular salts, all soluble in water 
and alcohol. The acetate and nitrate of atropium are hygrome- 
tric. All are decomposed by the alkalies and by their carbo- 
nates. 

Nitric acid acts much less powerfully on atropium than on 
strychnium, according to Pelletier and Caventou. 

Observations on the Equivalents of Atropium, — I have shown 
that sulphate of atropium is composed of 


Atropium 38*93 

Sulphuric acid 36*52 

Water 24*55 


100*00 

and that muriate of atropium consists of 

Atropium 39*19 

Muriatic acid 25*40 

Water 35*41 


100*00 

]Lf we admit that in the alkalies from plants, the same laws 
exist as are ascertained with respect to those from inorganic 
bodies, we shall be better able to find their equivalent number, 
as I have shown in my analysis of sulphate of morphium. The 
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sulphate of atropium appears to contain three times as much 
oxygen in the acid as in the base ; and as 36*52 sulphuric 

21*865 * 

acid contain 21*865 oxygen, — - — = 7*289 will indicate the 
oxygen in 38*93 of atropium. 

The muriates contain, according to Berzelius, in their acid, 
twice the oxygen which exists in the base, and 25*4 muriatic 

1 4*825 

acid containing, according to Berzelius, 14*825 oxygen — j — 

= 7*412 will indicate the oxygen in 39*19 of atropium. 

By comparing these two results, it will be found that they 
differ very little. I am, however, inclined to suppose the result 
of the analysis of the sulphate of atropium to be the most cor- 
rect, and then 100 parts of atropium would contain 18*91 oxy- 
gen, a quantity far exceeding the oxygen found in any one of the 
similar alkalies. 

There are, however, strong reasons for believing that the 
different salts which have been analyzed are bisulphates and 
bimuriates, and then the oxygen of the atropium would only 
amount to one half of the above-mentioned quantity. The salt 
which is above described as a bisulphate then would be a qua- 
drisulphate. The oxygen in 38*93 atropium would then be 
3*644, and 100 parts of atropium would contain 9*4 of oxygen. 

The oxygen in the different parts of sulphate of atropium 
would be : 

Oxygen. 

Atropium 38*93 3*644 

Sulphuric acid 36*52 21*865 

Water 24*55 2 1*654 

The oxygen in the acid and in the w^ater, therefore, are equal, 
and six times that of the atropium. 

According to Berzelius’s theory, the oxygen in the muriate of 
atropium would be : 

Oxygen. 

Atropium 39*19 3*706 

Muriatic acid 25*40 14*808 

Water 35*41 31*784 

The quantity of oxygen in the acid is four times as much as 
that in the atropium, and that of the water twice as much as 
Jiat of the acid. 

One hundred parts of dry sulphate of atropium contain 


Atropium 51*59 

Sulphuric acid «... 48*41 


Or it consists of 


100^00 
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Atropium lOO'OO 106*S 

Sulphuric acid 93*83 100*0 

- One hundred parts of muriate of atropium would consist cf 

Atropium 60*68 

Muriatic acid. 39*32 


100*00 

And 

Atropium .... 100*0 .... 154*3 would combine with 
Muriatic acid. 64*8 .... 100*0 


On the Alteration which Atropium utidergoes when heated 
vnth Potash, and when burned. — When I tried some other sub- 
stance obtained from the atropa belladonna by heating it with 
potash, ! obtained a salt which, when supersaturated with acetic 
acid, produced with muriate of iron a red solution. 1 inferred 
from this, that there might be formed sulphochyazic acid. Sus- 
pecting this vegetable substance to contain atropium, 1 took 
acme of this alkali as it had been precipitated from a decoction 
of atropa belladonna, and heated it with a solution of pure potash 
in a platina spoon. As soon as the action of the potash began, 
a, distinct smell of ammonia was perceptible, and a glass rod with 
strong muriatic acid produced a w'hite cloud when brought near 
to it. The residuum was dissolved in w^ater, supersaturated 
with acetic acid, and tested with muriate of deutoxide of iron, 
which instantly produced a red colour. 

This experiment did not always succeed. It proves, however, 
that under certain circumstances there may be formed a sub- 
stance from atropium, which produces a red colour with deutox- 
ide of iron, and which probably is sulphochyazic acid. Sulphur 
is, perhaps, a constituent of atropium. The potash I made use 
of had a slight trace of sulphuric acid. 

I have been obliged to discontinue my experiments on the 
properties of this alkali. The violent headaches, pains in the 
back, and giddiness, with frequent nausea, which the vapour 
of atropium occasioned while 1 was working on it, had such a 
bad effect on my weak health that I entirely abstained from any 
further experiment. 

I once tasted a small quantity of siilphate of atropium, the 
taste was not bitter but merely saline, but there soon foHowed 
violent headache, shaking in the limbs, alternate sensations of 
heat and cold, oppression of the chest, and diffiddty in breath* 
ing, and diminished circulation of the blood. The violence 
of these symptoms ceased in half an hour. 

Even the vapour of the different salts of atropium produces 
giddiness. When exposed for a lonr time to the vapours of a 
solution of nitrate, phosphate, or sulphate of atropium, the prqpil 
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of the eye is dilated. This happened frequently to me, and when 
I tasted the salt of atropium, it occurred to such a degree that it 
remained so for 12 hours, and the different degrees of light had 
no influence. 

This is sufficient to show the poisonous effect of atropium. 


Article VI. 


On some Capillary Metallic Tin, B}' James Smithson, Esq. ERS. 

(To the Editor of the Annals of Philosophy.) 

SIR, Paris, Fch, 17, 1821. 

M. Ampehk, a few days ago, accidentally in conversation, 
mentioned a fact to me which much excited my attention, as it 
appeared to me completely to confirm the explanation I had 
ventured to offer of the mode of formation of the capillary cop- 
per in the slag of the Hartz, printed in the Annals of Philosophy 
for July, 1820, 

For some purpose of the arts, Mr. Clement formed a cylinder 
of copper, and, to give it strength, introduced into it a hollow 
cylinder, or tube, of cast iron. To complete the union of these 
two cylinders some melted tin was run between them. With the 
exact particulars of this construction, 1 am not acquainted, but 
the material circumstance is, that during the cooling of this 
heated mass, a portion of the melted tin was forced by the alte- 
ration of volume of the cylinders through the substance of the 
cast-iron cylinder, and issued over its internal surface in the 
state of fibres y which were curled and twisted in various direc- 
tions. This form in the fibres of copper I had considered as 
very favourable to my hypothesis. Such was the tenuity of 
these fibres of tin that little tufts of them applied to the flame 
of a candle took fire, and burned like cotton. 

This passage of melted tin through cast-iron has a perfect 
agreement with the passage of water by pressure through gold, 
and tends to elucidate and confirm the account of the celebrated 
Florentine experiment. Had the water on that occasion issued 
solid, it would have been in fibres. 

This penetration of solid matters by fluids, by maeans of great 
mechanical force, will, perhaps, come to be thought deserving 
of more attention than has been yet paid to it; besides any 
scientific results to which the consideration of it may lead, it 
may be found to afford compound substances, not otherwise 
obtainable, and of value if) the arts. 

1 am, Sir, your most obedient servant. 

Jambs Smithson. 
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Article VIIL 

A Mathematical Inquiry into the Causes, Laws, and principat 
Phtenomena of Heat, Gases, Gravitation, By John He- 
rapath, Esq. 

BEAR SIR, Cranford,near Hountlow, March 21 , 1881 . 

The following mathematical investigation of the causes, laws^ 
and principal phenomena, of heat, gases, gravitation, &c. was 
drawn up about 10 months since, for the puroose of being laid . 
before the public, in the Transactions of the Royal Society. A 
knowledge that the Royal Society had been desirous of having, 
these subjects investigated, and a belief that they would, there- 
fore, have been pleased with this mark of my respect, and have 
caused the subject to be sifted to the botffcm, were the motives 
which induced me to present them with the first fruits of my 
labours. Having, however, notwithstanding the marked kina- 
ness of the President, and another highly distinguished and 
enlightened member of that Society, experienced from others an 
unlooked-for, and, 1 might almost venture to say, an illiberal, 
opposition for upwards of nine months, I have thought it expedient 
to withdraw this paper, together with another w'hich I composed 
at the suggestion of Sir H. Davy, confirming by experiment my^ 
views on the more material points, in order to oring them hot 
before the public through a different channel. 

It is not my intention here to detail the discouraging and’ 
extraordinary line of conduct which has been pursued in this 
affair, because I shall have it in my power, at the end of these 
papers, to enter fully into particulars ; but I request you will 
have the goodness to print the communications just as they now 
stand; for the circumstances of the case being such that it will . 
be necessary publicly to invite the attention of the whole Royal 
Society to tnis subject, I wish to make no alterations, but to ^ve ‘ 
those who have opposed me a fair opportunity of overturning 
that against which they have not, in so long a period, produced 
one valid objection ; or of justifying a conduct, which, though 
but belonging to a part, might, possibly, in the eyes of the worlds 
from the importance of the subject, produce serious refilectiona 
on the whole of a Society, so long distinguished for its candour^ 
liberality, and prompt encouragement, of scientific pursuits. 

I have the honour to be, dear Sir, 

Yourmbst obedient servant, 

To Richard Phimpt, Etq. JOHN HeRAEATH.. 


Hew Series, vou u 
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On the Phffsical Constitution ^ the Universe, (In a Letter to 
Davies Gilbert, Esq. MP. FR8. &c.) 

BEAR SIR, 

In the following memoir, which I have to request you will do 
me the honour of submitting to the consideration of the Royal 
Society, I have endeavoured to unravel the causes of some of 
the loading phaeiiomena of the universe, such as those of heat, 
gravitation, &c. That a correct judgment may the more easily 
be formed of the nature of this memoir, 1 have prefixed a brief 
account of the train of thought I pursued in my investigations, 
which will tend to throw a considerable light over what Ibllovvs. 
And because I conceive no theory established, however well it 
may accord with phamomena, unless it can be shown all others 
do not, 1 intended to^ake a review' of some of the principal hypo- 
theses that have been advanced and supported by different phi- 
losophers, and to show wherein I think them defective; but 
afterwards considering that this would extend the memoir to a 
much greater length than 1 w ish, and that 1 might probably be 
obliged to press a little hard on the favourite opinions of some 
respectable philosophers, I have for the present laid this design 
aside. For similar reasons I have omitted all comment and 
comparisons, except what are necessary for the elucidation of the 
subject. I have likewise, in consequence of a conversation that 
I lately had with W. Clayfield, Esq. materially changed the plan 
of this memoir, so as to render the connexion and dependence 
between the principles and consequences more apparent. And 
in order to trespass as little as possible on the time of the Royal 
Society, I have only demonstrated some of the elementary pro- 
positions ; reserving the proofs of others to a future period, when, 
if the little that 1 have done receive the countenance of the 
Royal Society, 1 might be induced to take a more elevated view 
of the subject, and to touch upon other things that are not men- 
tioned. 

The Royal Society will easily perceive that 1 am indebted for 
the hint of the cause of gravitation to Sir Isaac New'ton, though, 
perhaps, it will be found, that I have carried the idea much fur- 
ther, and have extended it to the development of a much greater 
variety of phaenomena than he could have anticipated. It would 
be preposterous for me in this place to name other distinguished 

f hilosophers to whose accurate experiments and luminous view s 
have, in the course of my inquiries, been under great obliga- 
tions ; but I cannot let slip this opportunity of acknowledging, 
that if it shall appear I have been any way successful in my soli- 
tary rambles through the.se exalted regions, it is probably in a 
great measure owing to your kind encouragement and directions, 
and to the flattering approbation you were pleased to bestow on 
my juvenile effbrts so’long ago as the beginning of 1809, when I 
had the pleasure of being introduced to you by my late respected 
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friend W. Perry, Esq. of Winterbourne. Without such stimuli^ 
I might never nave had sufficient confidence in mysfelf to tread 
those intricate and almost trackless paths of science. 

An Analytical Inquiry into the Cause of Gravitation, Heat, 
Several years ago, namely, in July 1811, while amusing myself 
with calculating some of the lunar equations from theory, I was 
induced to try to compute the annual equation to the moon*s 
mean motion, somewhat after the manner in which Newton has 
calculated the magnitude of the variation. The result of this 
calculation, which considerably exceeded the quantity given in 
the tables of Halley, the only ones 1 then had, very much sur- 
prised me. At first 1 thought 1 had committed some error, or 
made some erroneous assumption ; but on re-examining the 
calculus, and making every allowance which I thought might 
have any influence, I satisfied myself, that as far as my funda- 
mental principles were correct, nothing was neglected which 
could affect the result to any thing like the magnitude of the 
difllrence. At another time it occurred to me, that the quantity 
of the equation, as given in the tables, might possibly be itself 
too small. 1, therefore, set myself about correcting it from the 
observations at the end of Halley’s tables ; but so far from solv- 
ing the difficulty by this means, I found the difference much 

f reater ; for, as far as I remember, the maximum of the equatioa 
found to be, instead of 1 V 49'', only about 11' 17" ; that is, 
but a few seconds greater than the quantity given in the very 
correct tables of Burg. Baffled, therefore, in this attempt to 
reconcile observation and theory, I conceived that the quantity 
determined from observation must be the result of two opposite 
equations, one of which had escaped the cognizance of theory. 
And in this opinion 1 seemed to be more confirmed by another 
calculation of this equation, by means of an exponential theorem 
I had just before discovered, and by observing that the computa- 
tion of the same equation by Machin, on the principle of ait 
equant, came out also much greater than the quantity by obser- 
vation. It is true 1 was for a little while staggered in my opinion 
by the statement of Newton, in the scholium to prop. 35, book 3, 
of the Principia, in which he says, that he had calculated the 
mean greatest quantity of this equation from the theory of gravi- 
tation at 11' 49". But as I observed that he simply named the 
result without even hinting at the method of calculation, though 
Just beneath, in the same scholium, he minutely enough describe 
his calculus of one or two other equations of considerably less 
difficulty ; and as 1 had observed that the quanti^ I had brought 
out would coincide with his, if diminished in the ratio of the 
moon's synodical to her siderial period, I thought it very pro- 
bable that Newton had pursued the same course that Ihaa ; and 
that finding his numbers would agree with observation, if diim-^ 
nished in tne said ratio of the synodical to the siderial period^ 

s 2 
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he diminished them, thinking there might be a reason for it 
which he did not perceive ; but not being thoroughly convinced, 
he chose rather to omit than describe a calculation, with every 
part of which he was not perfectly satisfied. This at least 
appeared to me a veiy plausible way of accounting for Newton’s 
silence ; but whether it be a correct one, it is, perhaps, not 
worth the trouble of discussing, especially since the complete 
calculation of this equation, by the celebrated Laplace, in the 
M6canique Celeste, shows, that whatever may have been New- 
ton’s method, it was, as w'ell as my own, much too loose and 
inaccurate to be depended on. It is, however, remarkable, that 
all, or n>ost, of the calculations of the ann. equa. hitherto made 
from theory, give the quantity of this equation greater than 
observation ; and this is even the case with Laplace’s, 

Having now, as I thought, satisfactorily accounted for the 
difference between Newton’s numbers and mine, 1 became more 
strongly persuaded in myself that the tabular magnitude of the 

nil. equa. w^as the difference of two equations ; and, therefore, 
I frequently tried to unravel the cause and magnitude of the 
indeterminate one, but without success. At length, about the 
middle of the following September (1811), my attention being 
involuntarily turned to a consideration of Newton’s opinion 
respecting the cause of gravitation, I fancied that I saw' a true 
solution of the difficulty m question, as well as a complete deve- 
lopment of the cause of gravitation. If, argued I with myself, 
gravitation depends upon the action of an elastic medium, such 
as Newton supposes, which grow's rarer and rarer as you 
approach the dense bodies of the sun and planets, there ought to 
be some reason for this variation of density ; and as New’ ton has 
not, as far as I could perceive, given any, I began to consider 
what it might* be. And after some little thinking, it occurred 
to me^ that if this medium be of the same nature as our atmo- 
sphere and other gaseous bodies ; that is, if it be capable of 
being expanded by heat, and contracted by cold, then, the sun 
being a very hot body, and the heat being so much the greater 
the nearer we are to him, the density of the medium ought, 
therefore, to decrease with a decreasing, and increase with an 
increasing distance, the same as Newton would have it. And 
because we find by experience that dense solid bodies receive 
heat more strongly than much rarer ones, particularly than 
gases, the dense bodies of the planets being heated by the solar 
rays as well as by the medium about them, ought, it appeared to 
me, to be hotter than this medium, and consequently ought to 
produce the same effects on the medium as the sun, though not 
80 great a degree. Therefore if, as Newton imagines, the 

c 

* The onlj aeeounti I seen of Newt<m*s idem of this subject were in his Qpticii, 
jnd et the end of the Frxndpie. 1 have, however, lately read a letter that he wr o t e to 
]fiir. Boyle, printed in Bvh^ Horsley’s edition of his works, wherdn he gives his op»» 
jaon of this £uid nedittm m being of the same nstuT# as our air. 
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particles of the planets be impelled towards the sun by the ine- 
quality of pressure on their further and nearer sides, the deiiser 
parts of the medium pressing more forcibly than thd rarer, the 
same reason will likewise hold good why bodies should be 
impelled towards the planets and other material parts of the 
system. 

And by considering these things further, it seemed to me that 
if such be the cause of gravitation, the intensity of the impelling 
force should be subject to the influence of two circumstances ; 
namely, the number of particles in the central body, and their 
temperature ; so that it becomes greater when either of these 
becomes greater, and less when it becomes less. But since the 
earth in its passage round the sun is sometimes at a greater and 
sometimes at a less distance from it ; and since the regions 
which are nearer the sun are hotter than those which are more 
remote, the temperature, and consequently the attraction of the 
earth, should increase as the earth approached the sun, and 
diminish as it receded from it, so as to be greatest about the 
perihelion, and least about the aphelion. And this being the 
case, the moon must move in a contracted orbit, and swifter 
round the perihelion earth, and in a dilated orbit, and slower 
round the aphelion earth ; by which means an equation to the 
moon's mean motion must be generated contrary to the ann. equa. 
and diminish it, the same as 1 had supposed some unknown 
equation ought to do with the theoretical annual equation to 
reduce it to the tabular. 

Tlius it happened that the inadequate method of computation 
I had adopted, brought out a quantity which so well accorded 
witli my lirst theoretical views of the cause of gravitation, that I 
could not help placing great contidence in the theory I had 
embraced. I, therefore, carried on my speculations with that 
ardour w hich a strong prejudice in favour of the truth of my 
prim iples, and the sanguine hopes of succeeding in so great a 
problem as that of developing the cause of gravitation, might 
naturally be supposed to inspire ; but 1 soon found that before 
I could ])roceed any further, 1 must establish the cause of heat^ 
and reduce its phainomena to mathematical laws. This 1 at first 
attempted to do by endeavouring to find out the relation which 
should exist between the masses of the particles of the ethereal 
medium and their repulsive force, in an equation connected with 
their distances from the sun. But being disappointed in this^ 
and a great number of other attempts that 1 made, 1 became 
much dispirited, and was often on the point of forming a reso- 
lution never to consider the subject again. Indeed I frequently 
wished to persuade myself that the discovery was altogether 
beyond the reach of human ability ; and with this view tried to 
thrust it entirely from my wind. Yet sometimes, when my 
thoughts were involuntarily turned this way, the idea that two 
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inanimate bodies could act on each other at a distance without 
some other means than that of a mere tendency, or inclination^ 
in them to approach, would appear so strongly unphilosophica4 
and the apparent coincidence of several phenomena, with con- 
clusions 1 iiad drawn from my notions of gravitation, so very 
seducive, that I could not avoid thinking the views 1 had takea 
were tolerably correct ; and that there was only wanting the 
direction of sonic happy idea, which patient perseverance might 
possibly attain, to set tlicMvhole in a clear and irrefragable light. 
Thus between hope and despair, between unceasing attempts 
and mortifying failures, 1 continued untd May 1S14, at which 
time my ideas of heat underwent a complete revolution . Previous 
to this tijiie I had concei\>'d heat to be the chect of an elastic 
fluid ; and ou this supposition had repeatedly attempted to 
reduce its laws to mathematical calculation; hut uniform disap- 
pointment at lengtli induced me U> give tliis liypothesis a careful 
investigation, by comparing it with generid and particular pha:no- 
mena. The result of this investigation convinced me that heat 
could not be the conse([uence of an elastic fluid. At the time 1 
was making this comparison, 1 took eviny opportunity of exa- 
mining how far the other hvjiothesis (which until now I had 
forgot was sanctioned by the nanu's of Newton and Davy) 
agreed w'ith phamt)mena, and was so widl pleased with its sim- 
plicity, and the easy, natural manner in which the difl’erent 
phamomena seemed to flow from it, that 1 regretted having 
neglected it so long, and (ietcrniined to consider it more atten- 
tively. A diflicultv, however, soon appeared in the application 
of this tlieory of heat to gaseous bodies, which 1 had some 
trouble to conquer ; for as I still adhered to the hypothesis of 
gases being conqiosed of particles endued with the power of 
mutually repelling one am^tber, 1 could by no means imagine 
how' any intestine motion could augment or diminish this power. 
Here then 1 wa> involved in another dilemma; but after I had 
revolved tlic subject a few times in my mind, it struck me that 
if gases, insftaa of having their particles endued with repulsive 
forces, subject to so curious a limitation as Newton proposed, 
were made up of particles, or atoms, mutually impinging on one 
another, and the sides of the vessel containing them, such a 
constitution of aeriform bodies would not only be more simple 
than repulsive pow ers, but, as far as I could perceive, w'ould be 
consistent with jilrtvnomena in other respects, and would admit 
of an easy ap|)Iicatioii of the theory of heat by intestine motion. 
Such bodies 1 easily saw possessed several of the properties of 
gases ; for instance, they would expand, and, if the particles be 
vastly small, contract almost indefinitely ; their elastic force 
would increase by an increase of motion or temperature, and 
diminish by a diminution; they would conceive heat rapidly, 
and conduct it slowly ; would generate heat by sudden com- , 



1821.] Fli(cnomena of Heat, Gases, Gravitation, Sfc* 279 

pression, and destroy it by sudden rarefaction ; and any two, 
having ever so small a communication, would quickly and 
equally intermix. 

Besides these, other properties equally consistent and gratify- 
ing, presented themselves; but as these were merely loose views 
of the subject, I soon resolved to exaininc it more rigorously, and 
to try if 1 could not bring it to the test of mathematical laws. 
In this, howtjvcr, 1 met witli a difficulty considerably superior to 
any 1 had ye t encountered in the course of my analysis, and 
which, before 1 overcame it, gave me more real uneasiness than, 
jierhaps, it can be imagined it should. But the truth is, uiy 
\ie\vs of the subject expaiuled so much as 1 proceeded that even 
in this euiiy stage I fancied I j)erceived, in the solution of the 
problem I was about, not only the discovery of the cause of gra- 
vitation, but also of the causes of all the other jdi'cenomfjna of 
nature; and my thoughts were, therefore, turned upon it with 
an intiuisLMiess and anxiety which I never before experienced, 
and which can scarcely l>e appreciated except by those w ho have 
been j)la(‘ed in a similar situation. To meet new, therefore, 
when I tlionglit 1 liaii almost completed the discovery, with an 
obstacle which it baffled my utmost efforts to surmount, and 
which tineatened destruction to the faliric I had so laboriously 
endeavoured to raise, was a shock 1 had hardly philosophy 
enougli to w ithstand. However, as I had proceeded so far, and 
had bn n so much led away by the seducing coincidence of the 
consequenct‘s of my tlnnuy w’lth phenomena, I determined to 
examine it tlioronglily, and, if I shouhl hud it erroneous, to pub- 
lish It together with tin' illustraliou of its errors, that if it could 
do no other good, it might serve for a beacon to prevent others 
from limning against the rock on winch my hopes and expecta- 
tions had been w recked. 

The obstaede to which I allude is this : I saw’ directly I began 
to consider circmnslances attentively, that if the constitution of 
things be Midi as 1 supposed, the ultimate atoms of all bodies, 
and, therefore, the particles of these gases, which I looked upon 
tjO be no more than these nitimaie atoms, must be absolutely 
hard; they must admit of iiu breaking, splitting, shattering, or 
any impression whatever ; and yet if the gases are to inaiutaiu 
their elastic jiropertv, and this property be the result of the par- 
ticles mutually impinging on one another and the sides of the 
containing vessel, the particles, or atoms, must likewise be 
elastic; tiuit is, they must be soft; for elasticity, according to 
the ideas w e have of it, is nothing but active softness. There- 
fore, it appeared to me that the ultimate atoms ought to possess 
two properties in direct contrariety, hardness and softness, 
which is manifestly impossible. 

Having arrived at this ccnclusion, which appeared to render 
the probability of success of all future inquiries in tliis track 
desperate, it might be supposed that my efforts would have ter- 
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mlnated. Nor, perhaps, is there any thing that could have 
induced me^to perplex myself any more with this subject ; but 
the resolution I had formed to examine it thoroughly, and a fond- 
ness for the plausibility of my preconceived notions that I could 
^ot shake off, and which would oftentimes, even against my 
inclination, prompt me to try to explain away the absurdity I 
had brought out. The first thing that suggested itself for this 
purpose was, that elasticity might spring from a different source 
to what was commonly believed, and might be the property of 
hardness ; for I observed that the harder the bodies are, gene- 
rally speaking, the more elastic they are. Thus glass is very 
hard, and likewise very elastic ; and the same is true of steel, 
^nd most of the other metals. Upon this hypothesis, therefore, 
I now tried to investigate the laws of gaseous bodies ; and as 
far as I then carried my speculations, the conclusions I drew 
exactly coincided with phcenomeiia. But reflecting more deeply 
on the subject, I convinced myself that, however well these 
inferences and phaenomena might agree, elasticity could not be a 
property of hardness ; and, therefore, that the hypothesis 1 had 
assumed could not be correct. At length, after a great deal of 
intense and fruitless thought, I remembered that when, some 
years before, reading the vulgar doctrine of the collision of hard 
bodies, I was very far from being satisfied with it ; but looking 
upon it then as an abstract and almost useless subject, I could 
not summon resolution enough to give it a critical investigation. 
Being now, however, drawn to the point by my analytical 
inquiries, the recollection of this dissatisfaction excited me to 
consider the circumstances connected with it attentively. The 
result of this consideration was a theory for the collision of hard 
bodies, so very diflerent from the I'eceived theory, that it was 
not until I had examined it in a variety of shap{;s, had brought 
it to the test of experiment by my mathematical investigation 
of the laws of gaseous bodies, and liad found that a theory 
something like it had been foimerly given by Wren and Huy- 
gens, that 1 could satisfy myself 1 had not committed some 
oversight. But having considered and reconsidered it many 
diflerent ways, without discovering any thing that could militate 
against it, 1 proceeded to carry on my theory as far as I judged 
it w'ould be wanted, and then aNSuiued the following postulata as 
4he basis of my future inquiries. 

Postulata. 

1. Let it be granted that matter is comiiosed of inert, massy, 
perfectly hard, indestructible atoms, incapable of receiving any 
change or impression in their original figure and nature. 

2. Let it be granted that all solid and fluid bodies have their 
smaller parts composed of these atoniS, which may be of different 
sizes and figures, and variously associated, according to the 
manner wLich the constitution and nature of the bodies require. 
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3. Let it be granted that gaseous or aeriform bodies consist 
of atoms, or particles, moving about, and among one another, 
with perfect freedom. 

4. Let it be granted that what we call heat arises from an 
intestine motion of the atoms, or particles, and is proportional 
to their individual momentum. 

5. Let it be granted that a gaseous body of very great tenuity 
in its parts fills all space, and extends to its utmost limits. 

I have purposely put these hypotheses (if indeed we can call 
those things hypotheses which have been deduced from the 
analysis of phsL'iiomena) into the form of postulata, to avoid 
being obliged to establish them by direct demonstration. It is 
not my intention, for the reasons I have already* given in the 
beginning of this memoir, to make any comparative remarks on 
their relutive simplicity and probability. 1 shall only say a few 
words for the purpose of explaining the difference between my 
view’s on certainpointsand those w hich have been taken by others. 

One of the subliinest ideas of tlie ancients w’as, that there is 
but one kind of matter, from the different sizes, figures, and 
arrangeiiicnts of whose primitive particles, arises all that beau- 
tiful variety of colour, hardness and softness, solidity and 
fluidity, opacity and transparency, &c. which is obsen^ed in the 
productions of nature. Our first two postulata do not necessa- 
rily re([uire that there should be but one kind of matter ; there 
may be several kinds. But since it seems possible to account 
for all tl le yiha'iiomena on the supposition of one kind only, and 
since nature is always disposed to employ the simplest machi- 
nery, j)rol)ability is strongly in favour of the ancient idea. In 
fact it does not seem to be impossible, from some of the phaeno- 
inena of light and other circumstances, to show that nature has 
embraced the simplest means, and has likewise, if not in the 
size, at least in the figure of the atoms, confined herself w’ithin 
certain limits. But these things are too recondite to be pursued 
in this memoir; and experiments have not yet furnished us with 
sufficient data to be able to exhibit the exact line and rule with 
which nature has laid out her work. 

Philosophers, since the time of Newton, have taught us that 
the elasticity of gases is owing to a mutual repulsion between 
their particles, by which they endeavour to fly from one ano- 
ther ; but by our third postulatum we have divested matter of 
this repulsive property, and nevertheless, as it will be seen, the 
laws of gaseous bodies, investigated under this point of view, 
agree mathematically with pbaenomena. 

The advocates for the theory of heat by intestine motion have 
usually considered the temperature as measured by the velocity 
of vibration ; and I am not aware that any of them have defined 
it otherwise. This will dh very w’ell for different temperatures of 
the same body ; but it seems to require the theory I have given 
in the fourth postulatum to enable us, under all circumstatices, 
to compare the temperatures of different bodies. 
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In the fifth postulatum I have given the fiuitl of Newton for 
explaining the cause of gravitation. This illustrious philosopher 
has so clearly developed his ideas of the nature and action of 
this etherial fluid, that 1 have had scarcely any thing to do but 
to confirni them with the apj)lication of tlie principles of our 
third and fourth postulata. It is true that the novelty of the 
views I have been obliged to take, and tlie unbeatenness of the 
track, have rendered even this a task of some difficulty ; but 
the results I have obtained will, 1 presume, convince the Jtoval 
Society that my efforts ha\e not been wholly unsuccessful ; and 
that this idea of Newton, which lias, from the iimforni want of 
success to demonstrate it, often been placed to the account of 
this great man’s foibles, v\as not adopted u])on liglit grounds, or 
without mature consideration. 

Op Tin: Collision op i*E:iiP’':crL\ haud Bonip.s. 

Dcfuii lions of Hardness, Soflnes-i, and Elasticitt/, 

riiat body is ptufeetly hard whose figure cannot be 
altered by any weight, or [>ercussion. 

(Jurol/arif. — Hence a perfectly bard body must also bc' per- 
fectly entile; for if it be composed of parts, there may be a 
force sudicienf to separate them, and then the figure would be 
changed, wiiicli is against the definition. By a hard body, 1 
mean one without parts, unchangeable, and indi\ isibh^, siu'h as, 
perliaps, tln^ primaiy particles of matter are. 

iJef, 2. — 1'iie figure of a soft body yields to pressure, or per- 
cussion, without recoveiing itself again. 

Cor. — Hence a soft body cannot be entire, but must be com- 
posed of parts, which, being dir-placed, retain w hatever situation 
18 given them. 

DcJ\ d. — A iierfectlv elastic body, like a soft one, suffers its 
figure to lit* changed by force, but recovers it again with an 
energy ecpial to the furce by which it was changed. 

Cor. I, — Therefore an elastic body does likewise consist of 
particles, which, like the particles of a soft body, may be 
deranged ; but as soon as the power is overcome by w’hich they 
were disturbed, they exert as much force in recovering their 
situation, as was used in depriving them of it. 

Cor. 2. — Because an clastic body recovers its figure with the 
same force by which it was changed, as much motion is gene- 
rated in the recovery as was destroyed in the loss of the figure. 

Prop. I. 

If two bodies absolutely hard impinge on one another, 
the duration, or smartness, of the stroke, is. independent of 
the velocity of the contact ; that is, it is neither augmented nor 
diminished by any increase or diminution of the relative velocity 
of the bodies^ 
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For the bodies being absolutely hard, their figures do not 
yield to any stroke, however great it may be, and, therefore, the 
shock IS no sooner given at one part than it Is equally felt at 
every other ; that is, supposing the stroke is given in the direc* 
tion of the centre of gravity. I'hereiore, the stroke can have no 
duration, and consequently no increase or diminution of velocity 
can produce a difi'erence. 

The same thing might also be proved thus : Let two unequal 
hard balls, moving with equal momenta in opposite directions, 
be conceived to come in contact at the same time with the oppo- 
site parts of another hard ball at K'st, then will the intermediate 
ball remain at rest, and nut titubate the one way or the other, 
nor be any more allccted than if it had not been struck at all ; 
for since the contacts are made at the same time, if the inter- 
mediate hall titubates, that liall towards which it moves must 
take a longer time to give its stroke than the other, and cannot 
have completed it until the titubalion is destroyed, because, as 
soon as thestu kch are finished, the inteimediate body evidently 
becomes (juiescent in consequence of the assumed equality of 
the inomeiila ; but the balls being absolutely hard, their figures 
do not yield to the stroke, and, therelore, tliis exterior body 
itself, t(wvar<ls which the intermediate one titubates, before it 
lias finished its stroke, must, on tlie supposition of titubalion in 
the middle bull, have moved backwards; that is, before it has 
finished the stroke, it must have had all its momentum destroyed, 
and a new contrary one generated. But the w hole stroke which 
the ball could give consisted in its momentum ; consequently the 
body must have given its entire impulse before it has completed 
it, which is absurd. Therefore the intermediate body does not 
titubate, and the strokes are made equally smart or in e(|ual por- 
tions of time, or rather both strokes are made in portions of 
time which havu no duration. 

By deducing the collision of hard from that of soft bodies, we 
likewise arrive at the same conclusion. At the moment tw^o soft 
bodies come in contact, the anterior parts of the second body 
communicate motion to the posterior parts of the first body, and 
a slight check is given to the second, riie parts of the bodies 
yielding to the blow, the bodies tliemselves approach nearer. In 
the second instant another acceleration and retardation take 
place, ami the bodies approach still nearer. The same things 
ensue in the third and succeeding instants, until at length the 
second body has itself lost and communicated to the first body a 
suflficient degree of motion to enable it to move with the same 
velocity which the second body has then left ; after which the 
stroke ceases, the two bodies are at their least distance, and go 
on together. Thus it is with the collision of soft bodies, and 
those whose figures afe yielding, except, perhaps, that the 
strokes are given in continued unceasing pressure, and not in a 
succession of impulses at stated intervals; but in whichever way 
it be conceived to be done, it amounts to the smne thing, and 
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time is always consumed. If now, other things being alike, we 
suppose the bodies to increase in hardness, then, since their 
parts have a less disposition to yield to the force of percussion, 
the intensity of the impulses (if we suppose the stroke to be 
given in impulses) will be stronger, the quantity of motion com- 
municated by each greater, and the time of the whole stroke, 
therefore, shorter. And if we suppose, ceteris paribus, the hard- 
ness to increase still more, the duration of the stroke will be 
still less, until, if the hardness be perfect, there will be no yield- 
ing of figure, and no duration for the strokes. And since this 
is the case with every stroke between perfectly hard bodies, it 
follows that all the strokes between bodies absolutely hard have 
no duration, and are thence equally smart. 

Cor . — Hence we gather, that in periectly hard bodies, the 
intensity of the impulse depends on the violence or momentum, 
of contact, and is iiidepondtmt of the velocity of contact, except 
inasmuch as it is aug;mented or diminished by that velocity. 

Prop. II. 

If a hard spherical body impinge perpendicularly on a 
hard fixed plane, the body will, after the stroke, remain at rest 
on the plane. 

For the plane having no motion of its own, and ]>eing fixed, 
the force with which the bodies come in contact will he equal to 
the momentum of the ball ; and because action and reaction are 
equal and contrary, this momentum is the force with which the 
ball acts upon the plane, and the plane reacts upon the bull at 
the instant of contact. The force, therefore, with which the 
ball is acted on by the plane at the time of the contact in a 
direction opposite to its motion is just equal to its momentum; 
consequently the momentum and action of the j)Iane bt-ing* equal 
and opposite destroy one another ; and the ball having no other 
tendency continues at rest on the plane. 

Cor. 1. — Hence a hard ball impinging obliquely upon a fixed 
hard smooth plane slides along the surface of it in a determinate 
direction with a determinate velocity. For if the molion of the 
body previous to the contact be resolved into two, one perpendi- 
cular and the other parallel to the plane, the perjiimdicular part 
will be entirely destroyed by the contact, but the other part 
being that with which the body w'ould iKiithev recede from, nor 
approach the plane, will continue the same after as before the 
•stroke, and will induce the body to slide along the surface of 
the plane in its direction, and with its entire force. 

Cor. 2. — From this proposition it appears that if, instead of 
the plane, the body meets with anotlier equal and hard body 
moving equally in an opposite direction, the intensity of the 
stroke will be twice as great as between^he body and the plane ; 
for the plane being fixed contributes nothing to the violence of 
the blow, but the other. body coming with an equal force in a 
contrary direction, adds its whole motion to the force with which 
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the other body would have come in contact with the plane, and, 
therefore, makes the stroke twice as great. 

This might probably be made more obvious thus : Suppose a 
hard plane, or other body, be held against a fixed hard body, 
and in this way receive the impulse of the ball ; then, because 
that part of the intermediate body which is against the fixture is 
not urged any way by that fixture, the force with which the ball 
comes in contact with the other side is the force with which the 
sides of this intermediate body are driven together; but this 
force is the monumentum of the ball ; therefore, that momentum 
is the force of constipation in this case. But if we now fix the 
inteimediate body, and instead of the fixed body on one side of 
it imagine another equal ball to come in contact with it at the 
same time as the former, and with an equal momentum, then the 
force with which each surface of this intermediate body is urged 
towards its centre is equal to the momentum of each ofthebmls; 
and, therefore, the force with which the tw^o surfaces arc urged 
together is equal to the sum of these momenta, or to twice one 
of them ; but this force is manifestly the force with w'hich the 
two balls would have come in contact if there had been no inter- 
mediate body ; therefore, that force is the double of the force 
with which either body w'ould have struck a fixed plane. 

Car. 3. — Hence if two hard and equal balls come in contact 
w'ith equal and opposite momenta, they will separate after the 
stroke with the same velocity with which they met. For since 
the intensity of the stroke is the force with w hich each of the 
balls is acted on in a direction opposite to that in which it came 
at the time of the contact ; and since that intensity is by the 
preceding cor. equal to twice the momentum of either ball, each 
ball at tlie time of the contact might be conceived to be acted on 
by two opposite forces, one its momentum, impelling it towards 
the other ball ; and the other, the force of the contact equal to 
twice its momentum impelling it in an opposite direction. The 
diflference between these two forces, therefore, or the value of 
one momentum, is the force w'ith which each ball retraces its 
path ; and, consequently, the velocity of the separation of the 
balls is equal to the velocity of their approach. This coincides 
with the theories of Wren and Huygens, 

Scholium, 

By the old theory of collision, two hard bodies coming in con- 
tact with equal opposite momenta will not separate after the 
collision, but will continue together ; and the reason assigned for 
this is, that being unelastic, wey cannot, when they meet, exert 
themselves to separate, and, therefore, must remain together. 
Such a method as this is not reasoning from the property of 
hardness, tiie physicaf force of the impulse, and the emfect which 
that force would have upon the motions of the bodies ; but from 
the absence of a property which does not belong to this class of 
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bodies, but to one whose nature is so very different, as to be 
almost the very opposite. Hardness and softness are diametri- 
cally opposite properties, and elasticity is nothing but an active 
kind ot softness ; for elasticity consists in a vigorous restoration 
of an altered figure ; and no body can have its figure altered 
which is not more or less soft. To argue, therefore, that two hard 
bodies which meet each other with equal and contrary momenta 
cannot separate after collision, because they have no elasticity, 
is evidently to abandon the detinition of hardness, and to adopt 
that of elasticity, uhich has no connexion whatever with it, and 
consequently ought, in such a case, to be excluded. It is no 
matter of surprise, therefore, with such incongruous ideas, that 
mathematicians have hitherto had erroneous views of the theory 
of collision of hard bodies. Probably the aj)parent sterility, if 
not inutility of the subject has occasioned tin apathy towards a 
•crapulous investigation, which the slightest idea of its import- 
ance ivoiild have easily removed. Had it been imagined that 
the collision of hard bodies uas comu'cted with the develop- 
ment of the cause of heat, gravitation, light, magnetism, electri- 
city,iicc. itwould liave been scrutinized with a care which nothing 
could have escaped; and with a rigorous inve.stigation, I am 
persuaded our ideas of the subject would have been very differ- 
ent to what they are. 

If there be any method of classification which should have a 
preference, it appears to me it should be to rank all those bodies 
under one head which have mutable, and those under another 
which have immutable figures. To the latter class will belong 
hard bodies, and to the former every variety of soft and elastic 
bodies ; the one will give their strokes instantaneously, and with- 
out the lapse of time ; the other, gradually and with time. In 
each particular case, the physical nature of the impulse should 
be considered, and a theory of collision framed accordingly. 
With such view^s, our theories of collision w ould be made to rest 
on their true and veritable principles, the physical nature of the 
bodies and of the strokes which they give. 

Many simple experiments might easily be devised to prove 
the truth of our second cor. ; for it is immaterial on what bodies 
we experiment : we can draw the same inference for any. The 
thing, however, is so obvious that I have generally considered it 
in the light of an axiom ; and have often ascertained the opinion 
of other people on the same subject by the following question : 
" Suppose a hard sphere, moving freely with a given velocity, 
strike directly upon a hard fixed body, it would strike with a 
certain intensity : but now suppose that instead of the fixed 
body the moving sphere strike upon another hard equal body, 
moving with an equal velocity, in an opposite direction, what 
would be the relative intensities of these two strokes?’* The 
answer has invariably been, that the latter would be the double 
of the former. This, it must be allowed, is not a mathematical, 
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or even a philosophical way of establishing the question ; but in 
a case of this kind, where I thought my pr^ejudices might 
influence my judgment, it appeared no bad method of examining 
the soundness of ray opinion by the standard of other people’s. 

From all these circumstances, it appears that the vulgar doc- 
trine of the collision of hard bodies is, in this particular case, 
incorrect, by making the intensity of the stroke only the half of 
what it should be. hor the bodies remaining together after the 
impulse, the force of the stroke upon eacli must be equivalent to 
the motion destroyed ; that is, to the momentum of either of 
them. But the force upon each is the force with which they 
coiiu! in contact ; the force, therefore, with which they come in 
contact is eipial to the niou.entmn of one of the balls; that is, 
agreeable to both theories, to the force with which either ball 
alone would, with the same momentum, strike a fixed plane. 

Pkop. III. 

If a hard ball strike another hard ball at. rest in the line 
of their centres of gravity, an exchange of state will take 
place; the former will leinain at rest after the stroke, and the 
latter w ill proceed in the same direction in which the first was 
movii\<g, and with the same momentum. 

If this be not the case, the first body must, after the impact, 
either move backwards or forwards in the direction of the other 
body, with an equal or less velocity. But it cannot move back- 
wards, because the intensity of the stroke itself on a quiescent 
body can evidently nevu'r exceed the momentum ; therefore, if it 
move at all after the stroke, it must follow the other body, with 
an e(pial or less velocity than this l)ody acquires from the 
impulse. Suppose it be with a velocity either equal to, or 
less than, that acquired by the other body ; and suppose A 
represent the first body, and a its velocity before the impact. 
Then because {a — ^), A is the motion lost by A, on account of 
the impact, and conserpiently the motion gained by B, the otJier 
body. This quantity represents the intensity of the impulse. 
Ami in any other case {o' — b') A' represents also the intensity 
of the impulse ; but if the quiescent bodies be equal, and if the 
momenta A r/, A' a\ of A and A', before the impact be equal, 
the strokes themselves, by cor. to prop. 1 will likewise be equal ; 
that is, rt A — ^ A = A' — 6' A'', and, consequently, A = 
// A' ; or the motion which is left to each of the bodies. A, A', 
after the impulses, will be the same. Now whatever be the value 
of the momentum A a^ if we imagine the body A to be vastly less 
than B, the velocity of B after the impulse must be vastly 
less than that of A before the impulse; and, therefore, the 
motion b A, which remains to A after the impulse must be 
vastly less than A a, the motion of A before the impulse. And 
if we suppose A so small as to have a ratio to B less than any 
assignable ratio, the ratio of A 6 ; and, therefore, of A' ft' to A 
or A' a\ will also be less than any assignable ratio. Therefore, 
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if the ratio of A' to B be assignable, the motion of A' after the 
stroke will be unassignably small ; that is, the body A will remain 
at rest^ And because 6' A' is indefinitely small compared to 
of A', the intensity of Ps! — b' A' of the impulse will likewise be 
equal to the momentum a' A' of the moving body before the 
stroke. But since the intensity of the impulse is the fierce act- 
ing upon the quiescent body at the time of the impulse, it is also 
equal to the motion acquired by this body. Therefore, if a hard 
bstll strike another hard ball at rest, &c. 

Cor, 1. — From this proposition it is easy to determine the 
motion and direction of a hard body striking obliquely with a 
given momentum in a given direction on another 
hard body at. rest. For if A B be the direction ^ g 
and momentum of the body previous to the 
stroke, and B C the direction in which it strikes ^ 

the quiescent body 13, produce C 13 to E, on ^ 

which demit the perpendicular A E, and draw 
B D equal and parallel to A E, and B D will be 
the motion and direction of A after the stroke, 
and B C, if equal to E B, those of B. 

Cor. 2. — Hence it follow's, that in any oblique collision on a 
quiescent body, the motions of the bodies? after the impact wall 
be perpendicular to each other. 

Scliolium, 

I forbear to enter further into the collateral minutia* of this 
theorem, because it would lead me too far out of my w ay, and I am 
in haste to arrive at things of more importance. However, it is 
necessary to state that 1 have chosen this indirect method of 
demonstrating this proposition, for the sake of making it rest on 
principles as difibrent and as independent as possible of those of 
a future proposition, from which it will flow' as a corollary. 

Prop. 

If a hard body overtake and strike another hard body, mov- 
ing with a less velocity in the same right line, the first body 
will, after the stroke, continue its course with the same 
velocity which the other body had before it; and the second 
body will acquire from the stroke a momentum equal to the 
difference of the velocities of the bodies previous to the contact, 
drawn into the mass of the first body ; that is, if A, B, represent 
the two bodies, and a, b, their velocities before collision, the 
motion of A afterwards will be A b, and that of B, B & -f 
(a — h) A. 

Because the bodies are both moving the same way, it is evi- 
dent that we may conceive the second body to be at rest, and 
the other body to strike it with a velocity equal to the difference 
of the velocities a and h ; in which csuse the proposition will come 
to the same thing aiS the last. Therefore (a — ft) A is the 
momentum, or force, of collision; and is, consequently, the 
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motion acquired by B and the motion lost by A. Whence the 
motion of A after the stroke is A a — (a — 6) A ^ ^ A, 
that of B is B 4- A a ^ A b. 

Cor, 1 . — By this proposition, the direction in which a body 
overtakes and strikes another being given, as well as the motion* 
and directions of the bodies before the stroke, the motions and 
directions of the bodies after the stroke may 
be found. Let A B be the motion and direc- 
tion of the body A before the impact, and let 
B C be the same of B, and let £ B be the di- 
rection in which the impulse is made by A, 
and D B the intensity of it, or the quantity of 
motion with which A in the line E B overtakes 
and strikes the body B. Then join A D and 
D C, and they sliall be respectively as the 
quantities of motions and directions of the bodies A and B after 
the stroke. 

Cor, 2.— Draw A C ; then, since A C is the motion com- 
pounded of the motions A D and D C, and likewise of A B 
and B C, it follows that the aggregate motions of the bodies 
before and after the stroke, reduced to the same direction, are 
the same : and, consequently, the motion of the common centre 
of gravity of the bodies remains unaU’ected by the impulse. 

Prop. V. 

If two ])erfectly hard bodies, moving in the same right line 
but towards opposite parts, come in contact, an exchange 
of motion will t ake place ; or each body will retrace its path 
with the motion which the other had before the contact. 

Let A and B be the two bodies, moving in opposite directions 
with the velocities a and b. Then, because A a is the motion 
with which A advances towards the parts B is leaving, and BA 
is the motion with which B advances towards the parts A is 
leaving, the sum A a + B b of these momenta is the motion 
with which the two bodies approach ; and, therefore, the motion^ 
or force, with which their surfaces come in contact. But the 
force with which the surfaces come in contact is the force with 
which each surface, or body, is acted on at the time of contact 
in a direction opposite to that in which the body was moving. 
Therefore, at the time of contact, each body is acted on by two 
opposite forces ; one its momentum ; and the other, the force of 
contact, or the sum of the momenta of the two. Consequently, 
the difference between these forces, or the momentum of the 
other body, is the motion with which either of them is impelled 
backwards, and retraces its path after the stroke. 

Cor, 1. — Hence if one of the bodies be at rest before the 
stroke, the other will be at rest afterwards ; and that which wsm 
at rest will go on after the stroke with a motion equal to what 
the other had before. These things coincide with wnat we haii% 
deduced in our third proposition; but the proof here given is 
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much more direct and rigorous than the one in that proposition; 
for which reasons it will enable us presently to consider one or 
two points of our theory that we could not before, at least in the 
jBianner we are now enabled to. 

•CV,.2. — The motions and directions of two balls being given, 
and the direction in which they strike one another being also 
given, the motions and directions of them 
after the stroke may be found. Let A C, 

B C, be the two given motions previous to 
the contact, and let E C F be the direction 
in which the balls strike. Upon E F let fall 
the perpendiculars A E, B F ; and from the 
points E, F, draw E Fa, respectively 
equal and parallel to F B, E A ; join a C, 

AC; and a C will be the motion of A, and 
h C that of B after the impulse. 

Cor, d. — From this cor. it follows, that the compound motion 
of the bodies is the same before and after the impulse. For 
‘draw A D equal and parallel to C B, and join D C, which will 
be the compound motion of the bodies before the impulse. 
Likewise draw h A, B a, and b D. Then because E A, F a, and 
E A, F B, are equal and parallel, Ab, a B, are equal and parallel ; 
and because A D, C B, are equal and parallel, b D, C a, are also 
equal and parallel ; but by the preceding cor. a C is the motion 
of A, and h C that of B after the stroke ; 1) C is, theref()re, the 
motion compounded of these motions. The same 1) C has also 
been shown to be the motion compounded of the motions of the 
bodies before the stroke ; whence the motion compounded of 
the motions before the stroke is the same as the motion com- 
pounded of the motions after the stroke. Consequently, the 
motion of the common centre of gravity of the bodies receives 
■CIO change from the collision. 

Cor, 4. — The same inferences that we have drawn in the pre- 
'‘ceding cor. might have been easily drawn IVoiu other premises. 
For since action and reaction are equal and contrary, the motion 
of each body is equally affected by the stroke ; and whatever is 
gained by the one in any direction is lost by the other in the 
same direction ; so that the aggregate motioix of the bodies in 
any direction is always the same, unless some extraneous force 
interferes. 

Scholium, 

Having now brought our theory of collision as far as it will be 
wanted in the subsequent part of the memoir, I shall omit the 
more intricate problems connected with it, and shall only stop, 
before I proceed to the theory of gases, to consider another 
«rror in the old iheo^, and to cllar up one or two points in the 
new, where, I think, from the novelty of the views and a natural 
prejudice in favour of preconceived notions, objections may 
^ise. 
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According to the commonly received theory of collision^ wh^a 
a hard body strikes another at rest, the two bodies proceed toge- 
ther with a common velocity. Now if these bodieshave no kmd 
of attraction, they do not press after collision ; and, consequently, 
either of them may be taken away without affecting the motion 
of the other. Hence the motion which the body that was quies- 
cent has acquired is proportional to the intensity of the impulsCj, 
and may be taken as a measure of it. Therefore, if the body A 
with a velocity of a strike the quiescent body B, the velocity of 

the balls after the stroke will, by the old theory, be and 

the intensity of the stroke "l^he ball B and other things 

remaining the same, if, instead of A we substitute a ball ji times 
greater, the intensity of the strobe would be ^ ; and there- 
fore the ratio of these two strokes is that of w A + B to » 
(A 4- B). That is, if two perfectly hard balls strike similarly 
and with equal velocities, two similar, bard, and equal balls^ 
B, B, at rest, the ratio of the strokes will be that of n A + B ta 
n (A -f B). But by our first cor. to the preceding prop, tha 
ratio of these intensities should be that of 1 to 7i ; and the sama 
is true by the third prop. The ratio of the strokes, therefore, as 
given in the two theories, differs materially. When the ratio of 
the stroke of a less to that of a greater body, under the same 
circumstances of action is considered, it is greater in the old 
than in the new theory, and conversely ; and in all cases, except 
one ; namely, the collision on a fixed plane, the intensity of the 
blow is less in the old than in the new theory. It is not an easy 
thing to examine the truth of either of these theories by direct 
experiment ; except, perhaps, in the case that I have mentioned 
in the scholium of prop. 2, for want of perfectly hard bodies tQ 
experiment on ; but probably, in the absence of experiment, the 
perfect coincidence of phaenomena, and the consequences that I 
nave drawn, from these new principles of collision in the follow- 
ing theory of gaseous bodies, wdll be admitted to amount, as 
nearly to an experimental proof as the nature of the subject 
allows. 

Besides the methods we have adopted to consider various 
points in the collision of hard bodies, there are several others, all 
of which, however, come to the same thing ; but the following 
method of examining the case of this schoi. which has occurred 
to me while I have been writing this part of the memoir, appeara 
to be so independent of previous considerations that I have beea 
tempted to give it. Setting aside all idea whether the bodiea 
after collision do or do not continue together, let us only supposes 
that they are absolutely hard, that tlie two quiescent ones are 
perfectly equal, and that the other bodies before the strokes 
nave equal velocities, and move similarly upon the quiescea^ 

T 2 
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1>odie8. Then because the bodies are perfectly hard, the strokes 
be equally diffused, and felt in every part of the ixapingir^ 
bodies ; and, therefore, every part of the impinging boaies wiu 
equally contribute to the stroKe. And the same things will 
evidently hold good if each impinging mass, instead of being 
one entire body, be composed of two or more moving along in 
contact with a common velocity, provided the centres of gravity 
of aH the bodies and their points of contact be all in the line in 
which the impulse is given. Again, because the bodies struck 
are equal and similar, and the strokes are made similarly and with 
equal velocities ; the strokes, as far as they depend upon these 
circumstances, must be identically the same. Therefore, what- 
ever be the difference in the intensities of the strokes, it is 
wholly attributable to the difference in the masses of the 
li mp ing! ng bodies. But we have already shown that the stroke 
is the same, under certain conditions, whether the impinging 
body be one or several bodies in contact. If, therefore, we 
conceive the greater impinging body to be composed of two, one 
of which is equal to the other impinging body, then, since the 
mere contact of the two parts can have no influence in augment- 
ing or diminishing the intensity of collision due to either of them 
separately, the intensity of the impulse of the other body, and of 
the part which is equal to it, are consequently equal. But 
because every part of the impinging body equally contributes^to 
the stroke, the intensity of tlie impulse due to a part, whether 
that intensity be equivalent to the whole, or only to a portion of 
the momentum, is to the intensity due to the whole of the body 
as the part is to the whole. The ratio, therefore, of the impulses 
is equal to the ratio of the impinging bodies. 

When a hard ball strikes another hard ball at rest, in the line 
of its motion, the effect of the collision is a mutual change of 
state. And since by cor. 1 to the preceding prop, this is true 
without regard to the relative masses of the balls ; it follows that 
a body in a state of free and perfect quiescence, however 
small it might be, will destroy the motion of another body how- 
ever large and however great its momentum. Thus then a single 
particle of matter, of the smallest dimensions, to which a very 
small force would give a velocity sufficiently great to avoid a 
stroke from a very large body, moving with a much greater 
momentum, may, if struck, when at rest, stop another of any 
dimensions and moving with any force. This conclusion, which^ 
at first view, appears to throw an air of improbability over the 
theory, will, upon a closer inspection, be found to be perfectly 
natur^ and correct. For the effect in motion on either of the 
balls is equal to the intensity of the impulse, and that intensity, 
by the aforesaid cor. and by a variety of other considerations 
which it would be tedious to state, \s equal to the momentum of 
the moving body. It is, therefore, not on the relative magnitudet 
of the boaies that the change of motion depends, but on the 
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momentum of the moving body before the contact ; so that the 
effect of a very large body moving with a less velocity, may he 
eqjual to the effect of a very small body moving with a greater 
velocity. Hence the whole difficulty of this case turns upon the 
abstraction of the ideas of magnitude and momentum; and!, 
therefore, if we admit a reciprocal change of state when the 
baUs are about equal, we cannot refuse it in any other case. 

Again, it has generally been admitted that the relative motions 
of bodies, included in a given space, and their mutual actions oh 
one another, are the same, whether that ^ace be at rest, or move 
uniformly forward in a straight line, l^is is true mth elastic 
and sofl bodies, and also with hard ones when they,are equal; 
because then their relative velocity is the same before and after 
the stroke ; but when they are unequal, it is veiy different. In 
cases where the masses are very unequal, the mfference in the 
two results will, in general, be very great. Let a body whose 
mass is 8 and velocity 6 strike another at rest whose mass is 2 ; 
then the velocity with which these bodies separate after the 
stroke is 24. But if we estimate this relatively to a space mov«» 
ing with a velocity of 4 in the same direction, it becomes ^ 
which is but little more than a third of the velocity, with wbicn 
the two bodies do really separate. And the same anomalies 
might be shown to exist in other cases of this theory with respect 
to the collisions of unequal bodies under similar circumstances. 
It is, therefore, by no means immaterial, as it has generally been 
imagined (Newton, cor. 5, of the third Law of Motion), whether 
we calculate the effects of collision according to absolute or 
relative rest; the substitution of the one for the other might 
produce very erroneous results. These considerations, however, 
will not at all affect the validity of our deductions in the laws of 
gaseous bodies. For the particles moving and striking in a!i 
directions, whatever force is gained by relative motion in the 
<me is lost in the opposite direction ; so that the mean force* 
which is ail that we consider, will be the same in both cases 

(7^ he continued*) 


Article IX. 

Ott tie Ctmgnirative Temperature of Penzance, By Dr. Poibvz,, 
(To the Editor of the Annals of Philosophy^ 

SIR, , 

Ik the small tract lately published by me on the Ciimate of 
Penzance, I have pointed out the relative temperature of a 
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Variety of places in the island ; all which observations illustrate^ 
in a very striking manner, the effect of the ventmular position of 
this place in equalizing its temperature. In further illustration 
^f this fact, I subjoin the principal results of the last three 
months at Penzance and Edmonton (Middlesex), as procured by 
"the register thermometer. On this occasion I would beg 
leave to suggest the advantage of collecting the compara- 
tive observations made by register thermometers throughout 
the kingdom, and of publishing them monthly, condensed into a 
Miiomprenensive and manageable compass, as in the following 
table. If you approve of the proposal, and will solicit the 
mssistance* of observers in different parts of the kingdom, I have 
no doubt but this will be cheerfully granted. By such a plan as 
this, I am convinced a much more clear and exact knowledge of 
meteorology would be diffused in a few years than by the long 
continued publication of the voluotfnous and unconnected diaries 
mt present diffused through various journals. If your friend Mr. 
Xuke Howard, who is, perhaps, better qualified for the task 
than any other person, would undertake to construct a plan, 
end submit it to the public, I have no doubt of the success 
of the measure. Of course, in this it would be necessary to 
include all the more important features of the science. In the 
dFollowing table I confine myself to the temperature, 

I am, Sir, yo\ir obedient humble servant, 

John Forbes. 

Comparative Temperature of Penzance, in Cornwall and Edmon^ 
ion^ Middlesex y in Nov. and JJec. 1820, and Jan, 1821, hy the 
Register Thermometer, 

Norember. December. JtnuMy. 



Penz. t£dm. 

Penz.| 

£diii. 

Penz. 

I 

£diii. 

Absolute maximum 

66° 

58° 

54° 

56° 

'53°| 

53° 

Absolute minimum 

35 

22 

21 

21 

26 1 

21 

Mean of maxima 

50 

47 

46 

43 

47 

41 

Mean of minima 

44 

35 

40 

36 

41 

33 

Mean of maxima and minima. 

47 

41 

43 

39 

44 

37 

Extreme monthly range 

21 

36 

33 

35 

27 

32 

f Max 

13 

25 

14 

19 

12 

21 

Diurnal range j Min 

1 

3 

1 

2 

2 

2 

/ Med. 

6 I 

12 

5 

8 

6 

9 


N.B. The results for Edmonton are extracted from the diaiy 
of Mr. Adams, published in the Literary Gazette. 
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The annual mean temperature is nearly 49^^®, being a little 
Biore than 1? less than the mean of last year. The mean of the 
firet three months, 38*5°; second, 54*4°; third, 59*9®; fourth, 
44*5°; of the six winter months, 41*5°; six summer months, 
67'1°. The maximum of 83° occurred on June 27, and the mirii- 
sium of 13® on Jan. 1 : difference of these extremes, 70°. 

The mean annual pressure of the atmosphere is 29*70 inches ; 
liiffhest point, 30*64 ; which occurred on Jan. 8 ; lowest, 28*45, 
which was on Oct. 17 : difference of these extremes, 2*19 inches. 
The mean daily movements of the barometrical oscillations mea- 
auie nearly 44 inches. Total number of changes, 112. 

The falls of rain, hail, snow, and sleet, during the past year, 
have measured a little more than 32 inches ; which is something 
voder an annual average. Very little rain fell during the first 
three months of the year; but the following month (May) was 
Teiy wet, for there were nearly six inches registered. Upwards 
rf four inches fell in October. Total number of wet days for 
the year, 181. 

The reporter, as usual, has again to notice a prevalency of the 
south, south-west, and west winds. Out of 365 notations of 
the wind, 214 were noticed to blow from the above points. 

There has been more thunder and lightning, during the former 
part of the year, than has been noticed in several former ones, 
particularly in the month of May. Lightning occurred on six 
days in that month, which were invariably attended w*ith rain : 
aometimes it fell in torrents, and in three instances with hail. 

My friend, Mr. Edward Stelfox, of Lyran, near Warrington, 
has favoured me with the above account of rain. Mr. S.’s rain- 
gnage is exactly the same as mine, and I can rely upon his 
account as correct. His annual register of rain, for the year 
1819, was 29*305 inches ; for the present, a little more than 30 
inches. Mr. Stelfox noticed the temperature on Jan. 1, 1820, to 
be 13*6® ; on the 3d, at 13° ; and on the 22d of the same 
month at 10®. 

The column of rain, headed Ardwick, has been furnished by 
ny friend, Mr. John Dalton. His ntin funnel is fixed about a 
Bule out of Manchester, in an easterly direction, and is situated 
iSBne little higher than mine. It has often been remarked, that 
Mr. Dalton’s annual account invariably exceeds mine sometimes 
by five or six inches, as in the present instance. Mr. D, thinks 
t&t his funnel being laigermay in part account for the difference. 

However, I fancy, there is an error somewhere. It is much 
ta be desired, that one uniform plan could be adopted with 
Inspect to measuring of rain. I have furnished a gentleman of 
QluaqMraU, near Manchester, with a funnel, and the same means 
if measuring the rain as Mr. Stelfox «uses: and, from his results, 
it'appears, toat our accounts pretty nearly agree. 

JSSmrMir, 17, imi. 
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. Remarks. 

January * — The weather, in general, fine, with sharp frost ; air 
very keen* Some heavy showere of rain and snow. A heavy 
gale of wind on the 26th and 27th. 

February * — ^The weather very fine in general. Some showers 
of snow and hail. A little frost towards the latter end. 

March * — Weather very fine. Some frost in the early part of 
the month, A few showers of hail, snow, and rain. 

Apn/.— The weather very fine and pleasant throughout, with 
the exception of three or four days in the early part of the month, 
which were showery. 

May , — The w’eather during the greater part of this month w^as 
wet and unpleasant. Some hail showers towards the end. 

June * — The weather, in general, very fine ; 25th, 26th, and 
27th, uncommonly hot and sultry. 

Weather, in general, very fine. Some very heavy 
showers of rain on the i2th and 17th. Thunder and lightning 
on the 1 1th. 

Ai/gwif .—This month, in general, showery ; hut, on the whole, 
good harvest wxather: crops abundant. Thunder and light- 
ning on the 30th. 

September . — ^The weather in the early part of this month very 
fine. During the solar eclipse on the 7tli, the thermometer in 
the shade varied between 2° and 3®. On the 1 8th, the weather 
became rainy, cold, and boisterous, and continued so to the end 
of the month. 

October .— month exceedingly fine till the 14th, when the 
weather suddenly changed, and became very stormy, w ith heavy 
rain, which continued to the end. 

November . — The weather during the greater part of this month 
was gloomy and damp. Some heavy hail showers on the 15th. 

December.— Tim month was, in general, gloomy and damp as 
the preceding. On the 14th, hail; on the 26th and the 29th, 
snow. On the 13th, 25th, 2Gth, 28th, 29th, 30th, and 3l6t (a 
most unusual length of time for this place) frost. The air 
exceedingly keen. E. C, G. 


Article XII. 

The New Comet* By William Burney, LL.D. 

(To the Editor of the Annals of Philosophy*) 

9 

6IB, ObservatM’p^ Gotpori^ Feb* 1821. 

A COMET made its appearance here last evening at S5 minutes 
past six o'dock, two or three degrees to the north of Algenib^ 
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the last star in the wing of Pegasus. It was 32® to the east of 
the sun, and set with Saturn at a quarter past, eight o'clock, 
about W.N.W. but was 18^- to the north of that planet. 

Its bright nucleus was surrounded by a diffused coma three- 
fourths of a degree in diameter, and its perpendicular train was 
nearly 4® in length when the coruscations were most vivid, through 
the upper part of which a small star of the sixth magnitude was 
perceived by the help of a telescope. This is unquestionably the 
same comet that M. Nichollet, of Paris, is said to have disco- 
vered in the evening of the 21st ultimo, in the constellation 
Pegasus, but which, to our knowledge, has not yet been seen by 
the English astronomers. 

March% 1821. 

The new comet has changed its position among the fixed 
stars about two-thirds of a degree, since the evening of the 23d 
ultimo, when first we saw it ; therefore, its apparent motion is 
very slow. 

Its north polar distance last evening was .... 77® 40' 

■r>-i4 ornor 


Right ascension 358 35 

North declination 12 20 


It is descending with an antecedential motion towards the 
back of the southern fish of Pisces, and by the annual motion of 
the earth, the sun is daily approaching it. 

It will come to its perihelion two or three days before the 
vernal equinox ; but previous to that time, probably, it will be 
lost to our view in the solar rays in the evenings. It sets soon 
after eight o’clock, p. m. about W.N.W. 

Its train last evening, at one time, w^as between 5® and 6® 
long, and will continue to increase in length and splendour till 
the comet comes to its nearest point to tne sun ; for then the 
heat communicated to it is increased by his proximity. 

Neither the nucleus nor train is so splendid as the comets that 
appeared here in 1811 and 1819; it more resembles the comet 
in 1807, excejit the colour of the body, the present one betn^ 
more brilliant. 

March IT, t82l. 

'Ihe new comet came to its perihelion to-day ; namely, within 14^ 
of the sun. It has only lessened its right ascension half a degree, 
and its north declination four-fifths of a degree since the even- 
ing of the 24 th of February last, when it was first seen here* 
but by the annual motion of the earth, its distance from the snh 
is decreased about 16®, Now it is advanced too fkr in the hdtar 
rays to allow us to make further observa^ons on its posKi^h la 
the evenings. At the close of this montii, it to itsl 

after the sun ; and with a dear horiton an hour 
there will be a chance of seeing it rise abont 
eiisuing'month. ' . . • ; e * a ; ^ ‘ ^ 

The weather lately has been unfttvoiiinMe lbi^aet^irmt^^ 
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so near the w^tem horizon in the evenings ; and from its veiy 
slow geocentric motion, it will not afford a sufficient space to 
attempt to deduce the form of its orbit, which is the chief object 
to science. 

It is hoped that correct observations on the fretjuent appear* 
ances and motions of those celestial visitors will, in the course 
of time, thVow new light on the theory of comets, and divest it 
of much of the uncertainty that seems to exist in regard to the 
form of their eccentric orbits and periodic returns. 

I am, Sir, your obedient servant, 

William Burney. 


Article XIII. 

On Oil and Coal Gas, 

(To the Editor of the Annals of Philosophy.) 

DEAR SIR, 

On perusing Mr. Ricardo’s paper in your last number On 
the Comparative Advantages of illuminating by Gas produced 
from Oil and from Coal/^ 1 felt a little surprised that he had not 
obtained more correct infoimation respecting the value of coal 
gas ; for he states that the selling price of coal gas is not less, 
but “ in some of the provincial towns and cities more than loi. 
per KXX) feet.” In speaking of the profits of Gas Compames, 
Be says, “ The highest return quoted, which is of the Bristol 
Gas Company, is 10 per cent, and the chartered Company in 
London, which possesses advantages superior to any^ only divides 
eight percent.” Not knowing the price of gas at the chartered 
Company, I assume that it is 15,?. per 1000 feet to the consumer. 
The Sheffield Gas Light Company retail their gas at 12«. per 
KXK) feet, and allow a discount of from 5 to 20 per cent, in pro- 
portion to the rental. All consumers of gas whose rental is 20/. 
oer annum, or upwards, are allowed a discount of 20 per cent. 
When the discount is allowed, I believe the average to tne whole 
town is at about lO^. 6d. per 1000 feet, and yet the Sheffield 
Oas Light Company has divided a pro/iV ^*10 per cent, the first 
year. This certainly proves that the Sheffield Gas Light Com- 
laittee are either better managers of the trust confided in them^ 
or that the chartered Company does not posse^ advantages 
ouperior to any other Gas Company. But wnat will Mr. R. any 
to Derby Gas Company when I infprm him that they chaige 
4 Mdy Ts. 6d. per 1000 feet to the consumer ; but as their cob- 
eern is only tn its infancy^ 1 cannot state their profits. If we 
oUow thaioBe foot of oil gas is equal in illnminatu^ power to 
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three and a half feet of coal gas^ the comparison between the 
Derby prices and Mr. K.’s statement of oil gas will stand thus : 

* £ s. d, 

1000 feet of oil gas cost 1 7 0 

3500 feet of coal gas is sold at Derby for. • . 1 6 3 

0 0 9 

leaving a balance of 9d, in favour of coal gas besides the profit^ 
which the Company calculate at 10 per cent. The comparison 
between oil and coal gas by experimentalists in general is given 
as 1 to 3 ; allowing this to be nearly the truth, we shah hav«j 
the following statement : 

Mr, Ricardo says that a fair average for 

s, d, 

1000 feet of oil gas, allowing for wear, tear, 

and every contingence, is 1 10 0 

3000 feet of coal gas sells in Sheffield for. .1 116 

Now if we allow that oil gas can be manufactured at 30^. per 
1000 feet, selling it at the same price as coal gas, in proportion 
to its illuminating power, it would only leave 51, per cent, sup* 
posing that there should be no losses. Mr. R. fuither remarks, 
that ** the only possible inconvenience that can result from the 
use of oil gas is an accidental smell from the cock being acci- 
dentally left open, which is instantly detected, and as instantly 
remedied without leaving so unpleasant a smell as that arising 
from the similar escape of coal gas.” I think that there is very 
little difference between the smell of oil and coal gas as to plea- 
santness ; but allowing that the smell of coal gas is more unplea- 
sant than that of oil gas when an escape takes pla6e, that should 
not be urged as a reason why oil gas snould have the preference ; 
for as both gases, when mixed with a certain proportion of 
atmospherical air will explode when a light is introduced, it is 
my opinion, that the gas most proper to be introduced in dwell- 
ing-houses, warehouses, &c. is that which can be most easily 
detected when an escape does take place. 

If these remarks merit a place in your journal, your inserting 
them will oblige A Subscriber. 


Article XIV, 

Researches on the Composition of the Prusdates^ or fertugmi^ 
Hydrocpanates* By J. Berzelius. 

I PROCEED to detail the experimei^ I have msdif 
design of obtaining light on these subjecto, and therisferences 
%hl^ I think may be dednced from them; 
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I. Researches on the Relation of the Iron to the other Bases in the 
ferruginous Hydrocyanates, 

(A.) Salt with Base of Potash, 

The salt was purified in the following manner : Crystals that 
had effloresced were heated in close vessels until the mass 
entered into fusion. This was then dissolved in w’ater, and 
twice crystallized. The solution was not rendered turbid by 
hydrocyanate of barytes, and the salt had alight, but pure lemon- 
yellow colour. It was pulverized, and left exposed to the air 
for two days without losing any weight. Exposed afterwards 
to the temperature of 140® hahr. it effloresced, and lost betw’een 
0*129 and 0’124 of its weight: these numbers are the two 
extremes of seven experiments. It lost nothing further, at a 
temperature higher than that of boiling water. 

I mixed 30*88 grs. of the salt thus dried, with sulphuric acid 
in a platina crucible ; the mass heated, but without any efferves- 
cence, and no smell of hydrocyanic acid was perceptible. 
Heated on the sand bath, it sustained no change, and it w'as not, 
until it had been exposed to the flame of a spirit-lamp, that it 
began to be decomposed. A quantity of gas was then disen- 
gaged, which had not only the smell of sulphurous acid, but also 
that ofthe hydrocyanic. The heat was continued until the excess of 
sulphuric acid was driven ofl', and watt r was poured on the mass 
when cold. The sulphate of iron dissolved slowly ; it was 
necessary to add water, slightly acidulated with muriatic acid, 
to obtain a complete solution. 

The clear liquor was ])recipitated by caustic ammonia added 
in excess. The oxide of iron was thrown on a biter, and washed 
with a large quantity of water. The salt remaining in the solu- 
tion and washings w us evaporated to dryness, and heated red in 
a platina crucible. It is hardly possible to prevent a portion of 
the ammonia from being volatilized at the commencement of this 
operation, and consequently an acidulous sulphate of potash 
remains, which it is difficult to deprive entirely of its excess of 
acid. To get rid of this excess, I iutroduct; a small piece of 
carbonate of ammonia, by a platina spoon, into the crucible, while 
the mass is still red hot, 1 then put on the cover to check the 
escape of the aimnoniacal gas. The sulphuric acid almost 
instantly evaporates in the alkaline atmosphere, and tlie .salt 
becomes neutral. In tliis manner I obtained in three separate 
experiments 29*11, 29*17, 29*49 grs. of sulphate of potash, equi- 
valent to 61*09 hundredth ofthe weight of the anhydrous ferru- 
ginous prussiate. The oxide of iron weighed, in the different 
experiments, between 6*17 and 6*64 grs. Dr. Thomson's asser- 
tion, that a portion of the iron is volatil^ed with the hydrocyanic 
acid, induced me to try another method of separating it from 
this metal. I dissolved the ferruginous prussiate of potash in 
water, added hydrate ef deutoxide of mercury to the solution. 
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and digested them together, till all the iron was precipitated in 
the state of red oxide. The excess of oxide of mercuiy was then 
separated by strong calcination : 30*88 grs. of tjie prussiate in 
question gave, in this manner, 6*42 grs. of oxide of iron. The 
mean result of these analytical experiments is, therefore, as 
follows : 


Oxygen. 

Potash 44*62 contains 7*68 .... 2 

Protoxide of iron 16*64 3*79 .... 1 

Water 12*70 11*30 .... 3 

Loss 26*04 


100*00 

It follows from this, that the potash contains twice, and the 
water three times as much oxygen as tlie iron, in the state of 
protoxide. The loss is nearly equal to the weight of four atoms 
of hydrocyanic acid ; but the supposition that the salt should 
contain this number of atoms is the less probable, because in 
that case, the weakest base, the protoxide of iron, must contain, 
relatively to its ordinary capacity of saturation, twice as much 
acid as the potash, the stronger base. 

(B.) Salt v'ifh Bane of Barytes. 

This salt was obtained by digesting prussian blue with hydrate 
of barytes and water. The undissolved portion was treated with 
boiling water as long as it dissolved any thing, and the solutions 
were evaporated to a very small quantity. During the evapora- 
tion, the barytic salt crystallized irregularly, and it was neces- 
.sary to redissohe it in boiling water, from which it separated on 
cooling, in the form of small yellowish crystals. It suffered no 
change at common temperatures, but at 104® Fahr. it began to 
ctlloiesce. Tlie crystals do not fall to powder, but only lose 
their transj)arencY, and assume a milky appearance: 30*88 grs. 
of this sab lost, in this maimer, in dift'erent experiments, from 
0*09 to 0*12 grs. of water. I placed the remaining 25*76 on a 
small porcelain capsule, \\hich I heated red by the Hume of a 
spirit-iamp with a double current {el a double courant), and con- 
tinued the heat till all the combustible matter was burnt aw'ay : 
the residuum w as a mixture of barytes aud red oxide of iron, weigh- 
ing 24*6:3 grs. Dissolved in muriatic acid, and then precipitated 
by siil[)huric acid, it gave 24*13 grs. of sulphate of barytes. 
After this was separated, I added ammonia in excess to the 
liquid, which threw down 4*09 grs. of red oxide of iron. Accord- 
ing to this experiment, the barytic salt contains : 

Oxygen, 

Barytes 51*273 containing 5*38 .... 2 

Protoxide of iron, . 11*865 2*70 .... 1 

Water .• 16*560 14*72 .... 64 . ‘ 

Loss 20*302 


100*000 
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We find, therefore^ the same relation between the protoxide 
of iron and the baiytes, as in the salt with base of potash ; on 
the other hand^ the relation of the water to the bases exhibits^ in 
this instance a remarkable exception to the ordinary rule^ an 
exception that might very well be attributed to inaccuracy of 
observation, if the loss which this salt experiences by efflores- 
cence were not so uniform and so easy to be correctly deter- 
mined. When we compare the relation of the capacity of 
saturation of the bases, to the quantity of the substance lost in 
the analysis, with that observed in the salt with base of potash, 
we And, in the salt with base of barytes that the loss exceeds 
that in the salt with base of potash by a quantity precisely equal 
to that which the water wants {(jue I'eau a dome en moins) to 
make its oxygen twice ^ that of' the barytes, and six times that 
of the protoxide of iron. We shall soon see that this water is 
found again, when this salt is burned by means of oxide of 
copper. 

(C.) Salt with Base of Lime, 

This salt was prepared nearly in the same manner as the 
barytic salt. It is very soluble in water, and does not crystallize 
till the solution has acquired a syrupy consistence, and after 
some days rest. The crystals aie usually large, and of a pale 
yellow colour. 

One hundred parts of this salt, exposed to the heat of a sand- 
bath, lose 36'61 per cent, of their weight of water of crystalliza- 
tion, The crystals, notwithstanding this large quantity of w ater, 
do not fall to powder, and I have observed that although this 
salt begins to effloresce as readily as the preceding, a higher 
temperature is requisite to deprive it of the last portions of 
water. The anhydrous salt, burnt like the preceding in an open 
vessel, gave 50*53 per cent, of its weight of a mixture of oxide 
of iron, caustic lime, and carbonate of lime. It was dissolved 
in muriatic acid, perfectly neutralized by caustic ammonia, and 
precipitated by succinate of ammonia. The succinate of iron, 
burned on an open capsule of porcelain, left 15*25 parts of oxide 
of iron. The solution, from wnich the iron had been sej)arated, 
gave, by precipitation by oxalate of ammonia, oxalate of lime, 
which, being decomposed by heat, left 39*21 parts of carbonate 
of lime. This carbonate, moistened with a solution of carbon- 
ate of ammonia, and then thoroughly dried, gained nothing in 
weight. The analysis, therefore, gave 

Oxygen, 

Lime • 22*45 containing 6*20 .... 2 

Proxide of iron. .. 13*69 3*12 .... I 

Water 39*61 35*21 .,..14 

Loss 23*85 


Query, three tunei . 
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We find again here, as in the barytic salt, that half a proper- 
tion of water is wanting, that is to say, that the salt retains one 
atom of water; and by comparing the loss from the substances, 
destroyed by heat, with the capacity of saturation of the bases, 
we also find in this case a surplus corresponding to the quan- 
tity of water that has disappeared. 

(D.) Salt with Base of Oxide of Lead. 

Neutral nitrate of lead was poured into a solution of ferruginous; 
pnissiate of potash, taking care that the latter should be in 
excess, in order to prevent the precipitation of nitrate of lead, 
which mixes with all the insoluble sadts with base of oxide of 
lead, if there be an excess of nitrate of lead in the liquid from 
which they are deposited. The liquid remained perfectly neu- 
tral. The precipitate was white, but viewed in a certain direc- 
tion towards the light, it appeared verging to yellow. I was 
unable to determine, with the precision I could have wished, the 
quantity of water contained in this salt, because its point of 
perfect dryness approaches too near to that at which it begins 
to eftloresce. However, the results I obtained led me to 
believe that in this salt, just as in the salt with base of potash, 
the w ater contains the same quantity of oxygen as the two bases 
together. 

One hundred parts of the salt, dried on a very hot sand-bath, 
were burned in an open porcelain capsule ; the mass w’as dis- 
solved in nitric acid, neutralized wdth ammonia, and precipitated 
by sulphate of ammonia. The sulphate of lead, washed, and 
calcmed at a red heat, weighed 96*5 parts. The filtered liquid 
was precipitated by caustic ammonia, and gave 12*6 parts of 
oxide of iron. Thus the analysis g:ave : 

Oxygen. 

f)xide of lead 70*0 containing 5*09 .... 2 

Protoxide of iron 11 *9 2*57 .... 1 

Loss 17*7 

We find, therefore, also in this case, the same relation between 
the oxide of iron and that of lead, as w'ell as between the bases 
and the substance destroyed by combustion, as in the ferrugi- 
nous prussiate of potash. 

I think these analyses, selected from the three classes of bases, 
will suffice to prove that whatever be the state of the iron in 
these salts, it takes, in the state of protoxide, half as much oxifgen. 
as the radical of the other base. 

II. Experiments onHke Acid of these Salts. 

The proof* on which Mr. Porrett has founded his opinion,, 
that the iron in the ferruginous hydrocyanic acid is in the metal- 

}ieiv Series, vol. i. u 



^6 Professor Berzelius on [Aphil^ 

lie state, and that it is a constituent part of this acid, are not 
decisive. • 

To verify this idea by direct experiment, I put 23-16 grs. of 
effloresced ferruginous prussiate of potash into a small appa- 
ratus, made by the lamp, and so disposed that a current of 
sulphuretted hydrogen gas might be passed over the salt. 
At the common temperatures it was not at all altered. I then 
heated it by a spirit-lamp, slowly increasing the temperature 
•until the mass fused. The sulphuretted hydrogen gas was 
passed over it until the mass became cold. I had supposed that 
. the sulphuretted hydrogen would decompose the protoxide of 
iron, producing hydrocyanic acid, water, and sulphuret of iron ; 
but no trace of water appeared. The sulphuretted hydrogen, 
both at entering into, and leaving the apparatus, was passed 
over fused muriate of lime, in order that the water, that might be 
formed during tlie operation, might bo correctly weighed. At 
^he end of tlie experiment, the prussiate had gained 11*6 per 
cent, in weight, and the muriate of lime 21 hundredths of the 
•weight of the prussiate. But on heating the muriate of lime, to 
iBee if what it had absorbed was water, it gave off only hydro- 
Bulphuret of ammonia, and pure ammonia, with traces of mois- 
ture. No disoxidation of the protoxide of iron, therefore, had 
taken place, and the experiment appeared to confirm Mr. 
Porretrs idea, A great part of the salt had been converted 
into sulphuretted hydrocyanate of potash ; a small portion 
lemained undecomposed, " and some sulphuret of iron was 
formed. 

I next endeavoured to decompose the anhydrous prussiate by 
distilling it with fused boracic acid, to ascertain if, during this 
operation, borate of iron would be formed ; but the muss swelled 
up greatly during the process, and passed out of the retort, so 
that its neck w as soon stopped up by it. The disengaged gas was 
cyanogen, mixed with a little hydrocyanic acid. After the cal- 
cined mixture had been dissolved in water, a brownish mass 
remained, insoluble in muriatic acid, w hich, exposed to lieat, 

f ave borate of iron ; whence it appeared that the boracic acid 
ad been in part decomposed. 

Thus the iionoxidated state of the iron seemed proved by these 
■experiments. When I calculated the above-mentioned analyses, 
the result appeared to coincide with the following composition : 
cne atom of metallic iron, two atoms of the oxide of the other 
bases, tw'o atoms of cyanogen, and three atoms of prussic acid. 
It thus remained to determine by combustion, if that be the true 
4Btate of the matter. 

In consequence, I burned, in a glass tube surrounded by ano- 
ther of tin-plate, a mixture of 7*72 grs. of anhydrous ferrugi- 
nous prussiate of potash, and 23H56 grs. of pure oxide of copper, 
prepared by the decomposition of nitrate of copper by heat. 
The mixture was made in a porphyry mortar, heated to above 
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212° Fahr. The gases were collected over mercury, and passed 
through tubes of very small diameters to prevent too great a mix- 
ture of atmospheric air. * A portion of the gas obtained towards 
the end of the operation was collected separately in a graduated 
glass tube. 

No moisture condensed in the tubes, in which, for greater cer- 
tainty, a portion of fused muriate of lime was placed, and 
weighed with the tubes. They gained only O’OQl in weight. 
The gas collected in the graduated tube was examined in the 
following manner : a small piece of caustic potash attached to a 
very thin flexible iron wire was introduced into the tube; 100' 
parts of the gas left 39*9 parts not absorbed ; so that the volume 
of carbonic acid gas was to that of the azote as 3 : 2. This 
result was very difterent from what I had expected. As no water 
was formed in the operation, it followed, that the salt contained 
n hydrocyanic acid. Mr. Porrett had found that the volume of 
carbonic acid gas was four times greater than that of the azote, 
and Dr. Thomson obtained them in the ratio of 2-^ to 1. The 
whole of the carbonic acid obtained in this experiment, absorbed 
by a determinate quantity of potash, weighed 4* 138 grs. 

1 rc[)catcd the experiment once more, but with a stronger 
heat, so as to soften the glass tube ; I obtained the same result, 
but the relation of volume of the carbonic acid gas to that of the 
azote then exceeded the ratio of one and a half : however, the 
ditference w as so trifling that it might very well be only an error 
of observation. 

Water digested on the residuum in the tube that had 
been exposed to heat, took up potash, and this solution gave an 
abundant precipitate with lime-water ; the precipitate was car- 
bonate of lime. To prove if the difference between my result 
and that of Mr. Porrett could be caused by a bad arrangement of 
my apparatus, I repeated the analysis of the cyanuret of mercuiy 
in the same manner ; 1 obtained from it precisely tw^o volumes of 
carbonic acid gas for one volume of azote ; and on decomposing 
another portion of cyanuret of mercuiy^ by sulphuretted hydrogen 
gas, in a weighed glass bulb, I obtained sulphuret of mercury, 
whose w'eight was to that of the cyanuret of mercury, precisely 
as the w'eight of an atom of cinnabar, is to the weight of an atom 
of cyanuret of mercury. 

This accordance with the results obtained by M. Gay-Lussac, 
satisfied me that the difference between my results, and those of 
Messrs. Porrett and Thomson cannot be attributed to my appa- 
ratus being less suited to the purpose. 

I next repeated the same analysis with the ferruginous pnis- 
siate of barytes, previously dried at a strong heat. It gave 
traces of moisture in the ti^be which conducted the gases into 
the receiver, although its quantity was not great : 15*444 grs. of 
the salt employed gave 0026 of a grain of water, precisely the 
quantity wanting, in the analysis mentioned above, to make the 
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oxygen of the water of crystallization amount to six times that 
of the protoxide of iron, presupposed; in the salt, instead of 
five times and a half. The volume of the carbonic acid gas 
obtained in this experiment was again to that of the azote, as 
3 : 2, and the whole of (he carbonic acid obtained wx'ighed (i*2o 
grains. 

No conclusion can be drawn from these experiments before 
the quantity of carbonic acid retained by the base is determined. 
If the azote and the carbon in these salts be in the same propor- 
tion as in cyanogen, one-third of the quautily obtained, or one- 
fourth of the wliole of the carbonic acid, is wanting. But if, on 
the contrary, the base remaining in the calcined mass bo in the 
state of common carbonate, the volume of carbonic acid is to 
that of the azoteas 2.! : 1. 

, (To he contiuui'd.) 


Article XV. 

Analyses of Books. 

A QheMical ami Medical Report of the Properties tf the Mine^ 
ral Waters of Buxton, Mai lock ^ Tunbridge Wells, llutrooale, 
Bath, Cheltenham, Leaminghm, Malvein, and the Isle of H ight. 
By Chailes Scudamore, MJ). Member of the Royal College 
of Physicians, Scc. cjcc. 

In noticing this work, I shall, of course, confine my ohserva- 
tioiis to the Cliemical part of it, and I shall admit as prtotd, 
without making any inquiry, or expressing any doubt, that their 
medicinal qualities render these waters worthy of being drank j 
and there then can be no hesitation as to the iiiiporiance of a 
perfect knowledge of their chemical constitution, whether it 
may or may not enable us to account for the beneficial efiects 
wht^h every day’s experience would lead Uh to believe that they 
protiuce. 

The analysis of the Buxton water appears to Cidl for a few 
observations. I think the method employed to dctcrraiiKi 
presence of magnesia ambiguous, and the means used to 
^certain the quantity of magnesian salt rathtr tedious. The 
plan adopted by Dr. Scudamore for ascertaining the presence of 
niagnesia was that proposed by Ur. Wollaston, of first adding 
i^poniate of ammonia, and then phosphate of soda to the water. 
Now I have found that the salt usually called carbonate of am- 
monia, and wliich is, in fact, a se^uicarbonate, always holds 
some carbonate of lime in solution ; and this is particularly likely 
to mevat when carbonate of lime exists in a mineral water, so 
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that the addition of phosphate of soda may throw down phos- 
phate of lime, as well as the phosphate of anirnotiia’and magnesia. 
Whether any difficulty occurred to Dr. Scudamore on this ac- 
count in determining the quantity of magnesia, he does not 
mention, but I think it probable; for the method by which he 
d( terrnined the quantity of magnesia was that of decomposing 
the muriate obtained from the alcoholic solution, by means of 
carbonate of soda, then adding sulphuric acid to the carbonate 
of magnesia, suffering the sulphate of magnesia to crystallize by 
slow evaporation, and again decomposing the sulphate by car- 
bonate of soda, and decomposing the carbonate of magnesia by* 
beat, and tlnui calculating the ([uantily of muriate pf magnesia 
which it would yield. 

From s-»me late experiments I am induced to believe 
that lime water is not only the best test (with certain precau- 
tions), hut also the most eligible substance fur obtaining the 
jnagnesia from a mincTal water. 

Supposing no alkaline carbonate nor any alumina to exist in 
a water, and that tlie oxjdeofiron lias been separated, lime 
wader wdl discover an extremely minute ]>ortion of magnesia, 
wh(*n the saline contents of the water have been obtained 
by evaporation and redissolvcd in distdled water : Thus, 1 find 
that the twelfth part of a grain of magnesia, and even a much 
smaller quantity, may be readily shown to exist in a pint of 
water, and is easily precipitated from combination w'ith an acid 
bv lime wattn*. The only iuconveni. nee to be avoided, is the 
possibdity that tln^ excess of lime water used, may deposit 
carbonate, ifthe air be not carcTudy excluded during the filtering 
and washing of the [irecipitate. 

It is, however, but due to Dr. Scudamore to state that I have 
found magnesia actually existing in tliis water, but wiiicli I did 
not believe to be the case until 1 read his work, and even when 
1 liad, I (loubt(‘<l as to the accuracy of his statement. My sus- 
pici(>us of the Doctor’s inaccuracy wvre indeed strengthened by 
an experiment which he relates, and which I had tried with si- 
milar iTMdU, viz. that lime water occasions no precipitate in 
Buxton water wlilcli liad been boiled : this experiment induced 
me to believe that the water contained no magnesia; but, on 
evaporating a portion to dryness, and redissolving the saline re- 
siduum in water, a precipitate of magnesia actually occurred. It 
will not be surprising that lime water did not indicate the mag- 
nesia in the water without concentration, when it is stated that 
the w’holc quantity wdiich a gallon contains amounts to only 
about 0*16 of a grain. 1 have considered this part of the sub- 
ject merely with a view of determining the best methods ^of 
detecting the presence of magnesia ; for I will hazard the 
opinion, that in a medicinal point of view, the 0*1 6 of a grain 
of magnesia, however combined, cannot possess any very ex- 
tensive influence when dissolved in a gallon of water. The 
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whole weight of the saline contents of a gallon of Buxton 
water amounts to fifteen grains ; my experiments make it ra- 
ther less ; but I am inclined to think that Dr. Scudamore 
has stated the chemical analysis of this water with great ac- 
curacy. 

In the analysis of the Tunbridge waters, I think Dr. Scudamore 
has been rather profuse in the application of the tests to indicate 
the presence of iron : thus, after observing an evident ochery 
deposite, the unequivocal action of tincture of galls, we have 
the confirming evidence of prussiate of potash, and sulphuretted 
hydrogen, which are again rendered doubly sure by the infusion 
of tea and coffee, whilst with cocoa or chocolate no action ap- 
pears. NoNv with all deference, I submit, that these last ob- 
servations might have been spared, as they serve merely to com- 
plicate the subject, and are devoid of any particular inteiest, 
for I have never heard of the application of Tunbridge water in 
preparing food. 

Ihe quantity of oxide of iron, obtained from Tunbridge water. 
Dr. Scudamore states to be 2*22 grains ; it is not, perhaps, a 
matter of much importance, but I may observe that this quan- 
tity of iron is rather over-rated, for it was weighed in the state 
of peroxide, but ought to have been reduced to tliat of protoxide, 
in which iron always exists in mineral waters ; this will make 
the quantity of oxide about 1*99 grain. 

The analysis I shall next notice is that which Dr. Scudamore 
has given of the Bath water : this water I analyzed about seven- 
teen years since; and, as well as every preceding and following 
analyst, I failed to ascertain the presence of magnesia, now 
shown to exist in the Bath water by Dr. Scudamore ; my error 
arose from employing ammonia, on the supposition, which 1 did 
not then know to be erroneous, that this alkali would throw 
down minute quantities of magnesia. 1 liave, by employing 
lime water in the mode already pointed out, ascertained the 
correctness of this author's statement. It appears that a pint 
of the water contains, however, only about Tb grain of muriate 
of magnesia. 

In other respects there is no very material difference between 
Dr. S .'s analysis and mine ; but I may observe tliat he committed 
a slight error in supposing me to have stated, that iron cannot be 
detected in the Bath water after it has cooled ; what I have 
shown is, that if cooled without the presence of oxygen or at- 
mospheric air, it retains its property of being acted upon by 
tincture of galls and showing tiie presence of iron ; it is, indeed, 
upon this circumstance, that the peculiarity of the Bath water, 
as^ar as regards its chalybeate impregnation, depends. 

The only remaining analysis whicl^ I shall notice is that of the 
Malvern water ; some discussion has arisen between Dr. Philip, 
who formerly analyzed this water, and the author of the present 
work, as to whe'ther this water contained any iron. Operating 
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in the usual way, I should certainly coincide with Dr. Scuda- 
more, for it appears to me that neither tincture .of galls, nor 
prussiate of potash, produces any appearance of iron. The ques- 
tion has, however, been set at rest by Mr. Children, who finds 
that, by evaporating the w^ater, a very minute portion of iron is 
discoverable by prussiate of potash ; but whether that quantity 
of iron, which cannot be detected by the common means, is 
likely to be useful in medicine is not forme to determine, but E 
may, perhaps, be allowed to question it. The quantity of iron: 
contained in a gallon of Malvern water, according to Mr. Chil- 
dren’s experiments, scarcely exceeds one seventieth of a grain. . 

Some difference of opinion also exists between Drs. Scuda- 
more and Philip as to the existence of carbonate of soda in it. 

1 evaporated a portion both from Holywell, and St. Anne’s Well^ 
to about 1-dO of its original volume, but I could not discover 
the slightest trace of any alkali. It appears, therelbre, to me 
that Dr. Scudamore’s statement is correct. In closing my ob- 
servations upon this work, 1 wish to state that I cannot admit,, 
xvith Dr. Scudamore, the position laid down by the late Dr. 
Murray, that when certain acids and alkaline bases arc mixed 
together in solution, such salts are most likely to be formed as. 
are most soluble in water. If 1 put together certain quantities 
of sulpliate of soda, and muriate of lime, precipitation takes 
place, because sulphate of lime is formed ; but is it likely that^ 
as this Uitory supposes, tlie whole of the sulphate of lime formed 
is thrown down i Indeed, if I understand Dr. Murray’s position^ 
it amounts to this — that supposing 1 mix together sufficient 
quantities of muriate of lime and sulphate of soda, to form one 
hundred parts of suljihate of lime, that sulphate of lime will only 
be formed if there be not water enough to hold it in solution* 
but this would seem like attributing the property of insolubility 
to a compound before its formation. 

It has, indeed, been attempted to strengthen this statement 
by arguing from the elfects which certain mineral waters pro- 
duce, or are supposed to produce, and which, according to com- 
mon view s, contain only sulphate of lime and muriate of soda ; 
these w^aters are imagined to owe their good effects to con- 
taining not sulphate, but muriate of lime. It w'ould, however, I 
think, require numerous experiments to prove that the same 
quantity of lime is more active as a medicine when combined 
with muriatic than sulphuric acid, when exhibited in equal 
quantities. I do not deny, but I question the fact; and if it 
should be proved, it may, as far as I am competent to give aa 
opinion, be derived from the muriatic acid as from the lime. 

1 have not, in examining this work hitherto, expressed any 
decided opinion as to its merits; but 1 may add, that the chemical 
part of it appears to have been conducted with ability ; and 
if the medical applications of the waters, have been as ably given 
as the chemical history, (of which I entertain no doubt,) the 
work must prove useful both to the chemist and physician. — 
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Proceedings of Philosophical Societies. 

ROYAL SOCIETY. 

March 8. — On the Length of the Second's Pendulum in dif- 
ferent Latitudes, by Capt. Sabine. 

March 15. — Observations on Napthalin, by Dr. Kidd. 

March 21. — On the Papyri of Herculaneum, by Sir H. Davy. 

At the same meeting two other papers were read, viz. On the 
Aberration. of compound Lenses, by Mr. Ilerschel ; and On the 
Skeleton of the Dugong, by Sir E. Home. 

An account of the contents of the above papers will be given 
in the next number. 


GEOLOGICAL SOCIETY. 

Jan, 14. — The Catalogue llaisonnee of the Collection of Swiss 
Hocks, sent by M. Lardi, was read. 

The great valley comprehended between Mount Jura and the 
Alps, and which forms the low^est part of Switzerland, is com- 
posed partly of an alluvium, and partly of a sandstone and pud- 
cingstone, in Switzerland, called Nagelflue, which signifies 
literally nail-head-rock. The alluvium consists of* insulated 
masses of primitive rocks, rolled pebbles, and debris, from the 
surrounding mountains ; in this are also beds of clay. 

The nagelflue may be divided into two parts ; the molasse 
and the nagelflue, properly so called. Tlie first is a sandstone 
used for building in that country ; it is disposed in horizontal 
beds alternating with beds of marie, which sometimes contain 
marine shells and veins of fibious gypsum : the lower part has 
beds of fetid bituminous limestone witli freshwater shells, and 
thin layers of coal. 

The nagelflue consists of a conglomerate of rounded pebbles 
of limestone united by a cement of the same nature ; it forms a 
mass of 30 or 40 feet in thickness, and contains also beds of 
marie, and, occasionally, of coal. This appears to rest upon the 
calcareous rocks of the Alps. 

The greatest part of Mount Jura consists of calcareous rock, 
which is usually compact, and of a yellowish colour ; some of the 
beds are oolite. It incloses numerous marine shells. The beds 
of Jura dip on both sides of the chain. There is found here also 
a formation of clay ironstone, w'hich extends nearly all the length 
of the Jura, and which supplies many foundries. 

The Alpine limestone is considered as a transition formation ; 
it is of a compact texture, of a gre/lsh colour, and frequently 
contains nodules of flint. It rests on another limestone which 
alternates with slate. 

The saliferous district of Bex has been well described by 
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Charpentier. It belongs to the transition formation, and rests 
at Lavey on primitive rocks. It is composed cl]iefly of a lime- 
stone, of which we distinguish two varieties ; one is compact and 
oolitic, sometimes containing much silex ; the other is an argil- 
laceous limestone. It is in tlie last that the gypsum of the 
environs of Bex is situated. This gypsum is generally in the 
state of anhydrate, and presents several varieties. It is usually 
impregnated with muriate of soda, and sometimes contains beds 
of liydrous gypsum in the state of selenite ; the fine crystals of 
which, I’rom this place, are very celebrated. Native sulphur is 
also found. The beds subordinate to the gypsum are argilla- 
ceous limestone and slate clay. 

Between Morcles and Lavey commences a transition forma- 
tion, consisting of felspathic rocks, clay slate, and breccias, or 
puddingstone. This country is little known. Nearly the whole 
length of the Valais, a formation of clay slate extends : it con- 
tains also beds of limestone, of gypsum, and of (juartz. 

Above Oberswald are found rocks of gneiss, mica slate, clay 
slate, dolomite, and gypsum. These constitute the mountains of 
the Fourche of St. (iothard, and the superior part of the valley 
of the Tessni. 

At Lago di Lugano, a blackish-brown porphyry is met with^ 
consisting of hornstone with small crystals of white felspar. 

ASTRONOMICAL SOCIETY OF LONDON. 

At the commencement of the last year this interesting and 
important Society was founded. Although, at that time, we 
omitted the expression of our gratification on account of its forma- 
tion, and even neglected to announce it, yet we fully participated 
with the cultivators of the science of astronomy in their enthusias- 
tic expectations of the decided and powerful influence of this as- 
sociation upon its future progress. Indeed it had alw'ays appeared 
to us to be somewhat extraordinary, that while chemistry, 
geology, and several branches of natural history, were promoted 
and extended by associated bodies, a science, which, from the 
vastness of its objects, and the extent and difficulty of its obser- 
vations and investigations, demands in the highest degree, the 

E owerful aid of this concentration of intellect, should so long 
ave been left to rely for its advancement on the labours of insu- 
lated and independent individuals. That this desideratum for 
astronomy will now be effectually supplied, cannot be doubted by 
those who have perused an exposition of the views and objects 
of the Society, in an address circulated prior to their first meet- 
ing, and a list of members affixed to the report presented by the 
Council to the first annual general meeting. Although the last, 
we boldly predict, that the Astronomical Society will not be the 
least, in the career of utilily and fame. 

Without entering too much into detail, we may, by an extract 
from the admirable address before alluded to^ sufficiently dii^ay 
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the enlarged views and liberal feelings of the promoters of this 
design. Oue of the first great steps towards an accurate 
knowledge of the construction of the heavens, is an acquaintance 
with the individual objects they present : in other words, the 
formation of a complete catalogue of stars, and of other bodies^ 
upon a scale infinitely more extensive than any that has yet been 
undertaken; and that shall comprehend the most minute objects 
visible in good astronomical telescopes. To form such a cata- 
logue, however, is an undertaking of such overwhelming labour 
as to defy the utmost exertions of individual industry. It is a 
fask which, to be accomplished, must be divided among num- 
bers ; but so divided as to preserve a perfect unity of design, and 
prevent the loss of labour which must result from several obser- 
vers working at once on the same region, while others are left 
unexarnined. The iiJtended foundation of an observatory at the 
southern extremity of Africa, under the auspices of the Admi- 
ralty, may serve to show the general sense entertained of the 
importance of this subject, and the necessity of giving every 
possible perfection to our catalogue of the fixed stars. Deeply 
impressed also with the importance of this task, and fully aware 
of its difficulty, the Astronomical Society might call upon the 
observers of Europe andol the world to lend their aid in its prose- 
cution. Should similar institutions be formed in other countries, 
the Astronomical Society (rejecting all views but that of benefit- 
ing science) would be ready and desirous to divide at once the 
labour and the glory of this Herculean attempt, and to act in 
concert together in such manner as should be judged most con- 
ducive to the end in view.’^ The following summary w ith which 
the address concludes, may be quoted in order to convey at once 
a distinct representation of the purposes of this Society. The 
objects of the original members may be sufficiently gathered 
from what lias been already said, and may be thus summed up 
in few words ; viz. to encourage and ])romote their peculiar 
science by every means in their power, but especially — by collect- 
ing, reducing, and publishing, useful observations and tables— 
by setting on foot a minute and systematic examination of the 
heavens — by encouraging a general spirit of inquiiy’ in practical 
astronomy — by establishing communications with foreign obser- 
vers — by circulating notices of all remarkable phenomena about 
to happen, and of discoveries as they arise — by comparing the 
merits of difterent artists eminent in the construction of astrono- 
mical instruments — by proposing prizes for the improvement of 
particular departments, and bestowing medals and rewards for 
successful research in all; — and, finally, by acting as far as pos- 
sible, in concert w^ith every institution, both in England and 
abroad, whose objects have any thipg in common with their 
own; but avoiding all interference with the objects and interests 
of established scientific bodies.*’ 

On the ninth of February, the first annual general meeting of 
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the Society was held ; and the following gentlemen were elected 
oflBicers for the year ensuing ; viz. . 

President,— W. Herschel, LLD. FRS. 

Vice-Prcside)iis, — H. T. Colebrooke, Esq. FRS. & LS. 

S. Groombridge, Esq. FRS. 

D. Moore, Esq. FRS. SA. &LS. 

J. Pond, Esq. Astronomer Royal, FRS. 

Treasurer, — Rev. W. Pearson, LLD. FRS. 

Secretaries, — C. Babbage, Esq. MA. FRS. L & E. 

F. Daily, Esq. FRS. & LS. 

J. F. W. Herschel, Esq. MA. FRS. L & E.* 
(Foreign.) 

Council, — Capt. T. Colby Roy. Eng. LLD. FRS.L Sc E. 

Sir H. C. Englefield, Ihirt FRS. L & E. FSA. & LS. 

Davies Gilbert, Esq. VPRS. and FLS. 

B. Gonipertz, Esq. FRS. 

O. G. Gregory, LLD. 

J. Rennie, Esq. FRS. L. & SE. A & LS. 

,1. South, Esq. FRS. 

E. Troughton, Esq. FRS. 

Trustees, — A. Baily, Esq. 

D. Moore, Esq. FRS. SA. & LS. 

C. Stokes, Esq. FRS. SA. & LS. 

The Treasurer for the time being. 

To tins meeting an elegant and elaborate report was presented 
by the C ouncil, which, having been adopted by the Society, was 
ordered to be printed. After congratulating the members on 
the success which has attended the tirst attempt to establish a 
Society for the promotion of so important a branch of science as 
astronomy, and stating that the eftbrts of its founders have been 
crowned with an accession of strength far beyond their most 
sanguine expectations, the (Council proceeds to announce a plan 
of distributing medals, as an honorary reward, to such per- 
sons as may distinguish themselves by any material discovery, 
or improvement, in the science. The following extract will exhi- 
bit some of the subjects selected for the application of these 
stimulating rewards. In the first place, it is proposed to 
bestow the medal fur the discovery of any new planet, satellite, 
or comet ; or for the rediscovery of any old comet, or of any stars 
that have disappeared. Considering also the great importance 
(both in a nautical and geographical point of view) of having 
accurate observations of the eclipses of Jupiter’s satellites, and 
of occultations of stars by the moon, they think that the medal 
should be given for any considerable collection, not only of ori- 
ginal observations of this li;ind, but also of well authenticated re- 
corded observations, reduced to the mean time of the meridian of 
some well known observatory. Observations likewise on the posi- 
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lions of the fixed stars, tending either to the enlargement and per- 
fection of our*present catalogu(is, or to the more accurate determi- 
nation of the variable ones in size, colour, or situation ; as well as 
observations on double stars, tending in like manner not only to 
the enlargement and perfection of the present catalogues, but also 
to the determination of their angular distance and of their angle of 
position; together with observations on nebulae, — appear proper 
subjects of such reward. To these may be added, observations 
on refraction, with a view to the more perfect theory of tliat 
phenomenon, particularly at low altitudes where irregularities 
. take place, w^hen little or no variation has taken place in the 
barometer or thermometer; observations on the tides, jjarticu- 
larly in situations where the current is not influenced by any 
contiguous continent; observations tendng to determine the 
true figure of the sun, or of the earth ; and, in short, any obser- 
vations which may be considered likely to advance and improve 
the science.'’ 

Having mentioned several other subjects, such as tlie reduc- 
tion of observations when made; the formation of various new 
tables, and the improvement of others ; the comparison of the 
places of the planets; the examination of the recorded observa- 
tions of preceding astronomers ; and eveiy improvement of 
instruments which may tend materially to advance the science, 
for which the Society’s medals will 136 bestowed, the Council 
proceeds to recommend the proposal of the gold medal, and 
twenty guineas for the solution of the following (juestiou ; a cpies- 
tion requiring the synthetic application of the Newtonian doc- 
trines, together with the highest refinements of modern analysis : 

For the best paper on the theory of the motions and ])ertur- 
bations of the satellites of Saturn. The investigation to be so 
conducted as to take expressly into consideration the influence 
of the rings, and the figure of the planet as modified by the 
attraction of the rings, on the motions of the satellites : to furnish 
formulffi adapted to the determination of the elements of their 
orbits, and the constant coefficients of their periodical and secu- 
lar equations, from observation: likewise to point out the obser- 
vations best adapted to lead to a knowledge of such determination. 
The papers to be sent to the Society on or before tlic first day of 
February, 1823.” 

The Council, how'ever, while thus taking advantage of the 
stimulus to inquiry which medals and prizes produce, have esta- 
blished, in the following impressive sentences, their claim to the 
possession of a full sense of the magnificence of their science, 
and the comparative insignificance of their rewards : ^Mt may 
indeed appear extraordinary that no mention should yet liave 
been made of the great desiderata of astronomy; those questions 
which have exercised the curiosity and employed the time and 
altention of astronomers, ever since the science has assumed its 
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present character — such as the parallax of the fixed stars, their 
proper motion, the motion or rest of our own system, and its 
connection with the rest of the universe. But thtsc and many 
other points, are too obviously suggested by their importance to 
need any particular notice or encouragement. The man for 
whom discoveries of this class are reserved, soars far beyond any 
distinction which this Society can bestow : the applause of the 
human race attends his labours ; and no additional stimulus can 
be offered to those by which he is imj)elled.” 

In consecpienco of a communication from Captain Basil Hall, 
expressing his readiness to attend to any instructions on subjects 
whtu'ein he might be of service to the science of astronomy in his 
intended voyage to the South Seas, the Council havg delineated 
with great minuteness and ingenuity, their wishes in regard to 
his undertaking. The formation of an Astronomical Library, one 
of the objects of the Society, is then noticed; and ihe donations 
by the East India (kmipany of many valuable papers on astrono- 
mical subjects, and of a series of observations made at the 
Obse rvatory at Madras, are acknowledged. The alteration of 
several of the regulations ; the appointment of Committees 
for various purposes ; the notice of the discussion of a plan 
for examining the heavens in minute detail; and the state- 
ment of the con.stant accession and unqualified approbation of the 
continental astronomers, constitute the remaining topics of this 
report ; which thus concludes : On the whole, the Council 
cannot view this new impulse which appears to have been given 
to astroiioniy in all jiarts of the world, without anticipating the 
most beneficial results to 'the science. The establishment of 
several new Observatories on the continent of Europe (one of 
them above the sixtieth degree of north latitude) under the 
direction of men eminent in science, and vieing with each other 
ill the most honourable branch of emulation — the rising efforts 
of our countrymen in the East Indies — the zeal of our brethren 
oil the American continent — the foundation of a public Observa- 
tory at Cambridge, and another at the Cape of Good Hope (both 
so honourable to our own country) — must ensure the good wishes 
of every friend to science, and excite the admiration of every 
reliecting mind.^' 


Article XVII. 

NEW SCIENTIFIC BOOKS 

pRBPAamra for pdrmcatiov. 

An Analogical Inquiry iiiA the probable Results of the Influence of 
Factitious Eruptions in Hydrophobia, Tetanus, Non-Exanthematous, 
and other Diseases incidental to the Iluman Body, illustrated by Cases* 
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Dr. Clark Abel is preparing a Translation from the German of Blu- 
menbach’s Elements of Natural History, comprehending considerable 
Additions. • 

Observations on ^me of the General Principles, and on the Parti- 
cular Nature and Treatment, of the different Species of Inflammation ; 
by J. H. James, Surgeon to the Devon and Exeter Hospitals, &c. 

An Essay on Resuscitation, with a Representation and Description 
of an improved Apparatus. By T. J. Armiger, Surgeon. 

Thomas Hare, FLS. &c. intends to publish a View of the Structure, 
Functions^ and Disorders of the Stomach, and Alimentary Organs of 
the Human Body, with Physiological Observations and Remarks upon 
the Qualities and Effects of Food, and fermented Liquors. 

JUST PUBLIitHED. 

Practical Observations on those Disorders of the Liver, and other 
Organs of Digestion, which produce the several Forms and Varieties 
of the Bilious Complaint. New and enlarged Edition. By Joseph 
Ayre, MD. 8^. 6d, bds. 

Observations on Syphilis. By John Bacot. 8vo. 5s. 

A Treatise on the Epidemic Cholera of India. By James Boyle* 
8vo. 5s. 

A Treatise on the Medical Powers of the Nitromuriatic Acid Bath 
in various Diseases, with Cases. By Walter Dunlop, Surgeon. 8vo. 2sm 

Illustrations of British Ornithology. By P. J. Selby, Esq. Member 
of the Wernerian Natural History Society at Edinburgh. First Series, 
Land Birds, No. 1. Elephant folio, 1/. 11.9. 6d. coloured 5l.5s. 

Elementary Illustrations of the Celestial Mechanics of Laplace. 
8vo. 105. Qd. boards. 


Article XVIII. 

NEW PATENTS. 

James Ferguson Cole, of Hans-place, St. Luke, Chelsea, for certain 
improvements in chronometers. — Jan. 27, 1821. 

John Roger Arnold, of Chigwell, Essex, for a new or improved ex- 
pansion balance for chronometers. — Jan. 27. 

Alphonso Doxat, of Bishopsgate-street, for a new combination of 
mechanical powers, whereby the weight and muscular force of men 
may be employed to actuate machinery for raising water, or other pur- 
poses, in a more advantageous manner than has been hitherto practised, 
communicated to him by a certain foreigner residing abroad. — Jan. 27. 

Phillips London, the younger, of Cannon-street, practical chemist, 
for a certain improvement in the application of heat to coppers and 
other utensils.— Feb. 3. 

William Aldersey, of Homerton, for an improvement on steam- 
engines, and other machinery where the crank is used.-— Feb. 3. 

George Vizard, of Dursley, Gloucestershire, for a new process or 
method of dressing and polishing goods of woollen manufacture.—* 
Feb. 3. 
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Article XIX. 

METEOROLOGICAL TABLE. 


1821. 
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The obsenrationB in eadi line of the table apply to a peiiod of twenty-four hours, 
beginning at 9 A. M. on the day indicated in the first c^umnu A dash denotes that 
ihe result is included in the next Allowing obserTation. 
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REMARKS. 


Second Month*^\^ 2. tine. .3.Fine: doudy. 4. Overcast. 5. Fine: hoar frost in the 
morning. 6. Hoarfrost. 7. Hoarfrost: very fine morning : lunar corona at night. 
8. Hoarfrost; fine. 9. Hoarfrost: cloudy: fine. 10. Cloudy. 11. (loudy : fine 
at intervals. 12 — 15. Cloudy. 16. Lunar corona. 17. Cloudy. 18. Fine: a 
sjiower about 10, p. m. 19. Fine. 20. Hoar frost: a shower in the evening. 
21. Cirrocnmulus and Cirrostratus streaked, like an agate. 22. Hoar frost. 
23,24. HoarfroA: foggy. 25. Cloudy. 26. Cloudy; bleak. 27. Very tine morn- 
ing. 28. Snowy. 

RESULTS. 

Winds; NE,6; E, 1; SE, 4 ; .S,l; S4V,3; W,3; NW, 8 ; Var. 2. 


Barometer : Mean height 

For the month 30 S72 inches. 

For the lunar period, ending the 25tb 30‘.336 

For 1 4 days, ending the 5th (moon south) 30*404 

For 13 days, ending the 18th (moon north) 30*395 

Thermometer: Mean height 

For the month 34*214® 

For the lunar period 35*5 

For 29 days, the sun in Aquarius 36*741 

Evaporation 1*07 in. 

Rain. 0*31 

Mean of hygrometer 70® 


The barometer, which has ranged very high most part of this winter, has twice risen 
80 in the last and present month as probably to reach the U{^ extremity of the scale 
in many instruments^ as it did in one of those which we observed. 

The Comet, which is now visible, was well seen at Tottesdiam by my brother 
and other persons as early as the evening of the 23d | and on the 27 th, the Zodiacal 
Light was also distinctly observed there. 


Laboratory y Stratford, Third Month, 17, 


E.fiOWAED« 



ANNALS 
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PHILOSOPHY. 


Mjr, 1821 . 


Article I. 

Observations on the Combinations of Azote and Ort/gen. 

By Thomas Thomson, MD. FRS. 

Scarcely any part of chemistry has been investigated with 
more industry than the various proportions in which oxygen and 
azote combine, lliis is partly to be ascribed to the beautifn! 
simplicity which such combinations exhibit, partly to the appa- 
rent facility of experiments on the union of deutoxide of azote 
and common air, and parti}' to the notion entertained by Dr. 
Pri#^stley and his contemporaries, that common air varies in the 
proportion of oxygen whicli it contains, that its slate of salu- 
brity depends upon this proportion, and that the degree of its 
goodness is easily determined by means of deutoxide of azote. 

Chemists in general are now agreed about the number oi' 
compounds of azote and oxygen, which are capable of being 
formed ; and, with the exception of Mr. Dalton, they are agrecfl 
likewise about the exact proportions in which they unite. Mr. 
Dalton, in a very elaborate paper, published in the ninth volumt‘ 
of the Annals of Philosophy, p. 186', has given us a great number 
of experiments, from which he draws the following conclusion : 
the five compounds of azote and oxygen, if we consider both of 
the constituents in the gaseous form, are composed of 

Volumes* Volumes. 

100 azote -f 62 oxygen, constituting protoxide, of azote 

100 -h 62 X 2 124 deutoxide of azote 

100 -f 62 X 3 = 186 hyponitrous acid 

100 62 X 4 = 248 nitrous acid 

100 + 62 X 5 = 310 nitric acid 

New Series^ vol. i. 


X 
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Gay-Lussac, in a paper published in an early volume of the 
Annaies de , Chimie et de Physique, has given very strong 
reasons for concluding that the composition of these five com- 
pounds is as follows ; 

Azote. Oxygen. 

Protoxide of azote. 100 volumes 4- 50 volumes 

Deutoxide of azote 100 4* 100 

Hyponitrous acid 100 4- 150 

Nitrous acid 100 4- 200 

Nitric acid . 100 4- 250 

As far as I know, these proportions of Gay-Lussac have been 
adopted by the whole chemical w^orld, with the exception of Mr. 
Dalton. My object in this paper is to show that the present 
state of our knowledge leaves no doubt whatever that Gay- 
Lussac’s proportions are accurate, and that Mr. Dalton has 
misled himself somehow or other. 

1. I take it lor granted that the specific gravity of oxygen 
and azotic gases are as follows : 

Oxygen 1-111 i 

Azotic 0-9722 

For the proofs of these specific gravities, I refer the reader to 
tlie Amiak of Philosophy y xvi. 163. 

2. I have demonstrated (ibid. p. 171) that the specific gravity 
of protoxide of azote is 1-5277. 

Now we have 1 volume of azotic gas = 0*9722 
4" volume of oxygen gas = 0*5555 

1-5277 

Thus when a volume of azotic gas is united to half a volume 
of oxygen, and the two condensed into one volume, a gas is 
formed which possesses exactly the specific gravity of protoxide 
of azote. Hence we are entitled to conclude, that protoxide of 
azote is a compound of one volume azotic 4- half a volume of oxy- 
gen gas condensed into one volume. That this is its true com- 
position is obvious from the following experiment, which I have 
often made, and which very nearly agrees witli the results given 
long ago by Davy in his Researches. 

Mix together 100 volumes of protoxide of azote and 100 
volumes of hydrogen gas. Pass an electrical spark through the 
imxture; detonation takes place, the whole hydrogen gas 
disappears, the residual gas measures exactly 100 volumes, and 
is pure azotic gas. Thus we see that 100 volumes of protoxide 
of Uziote eontam exactly 100 volumes of azotic gas. The 100 
volumes of hydrogen gas must have been converted into water, 
tmd for this conversion they must have united with 60 volumes 
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of oxygen gas ; consequently 100 volumes of protoxide of azote 
contain exactly 50 volumes of oxygen gas, * 

The only dilSRculty attending this experiment is to procure 
protoxide of azote in a state of absolute purity. , I have fre- 
quently had it so pure that the error in the results did not 
amount to so much as half per cent. This I consider as a 
demonstration that Dalton^s proportion ©f oxygen, which he 
makes G2. Volumes, is excessive. Were this the quantity, 124 
volumes of hydrogen gas would be requisite instead of 100 
volumes ; and after burning a mixture of 100 volumes of protox- 
ide of azote and 100 volumes of hydrogen, a portion of protoxide* 
of azote (amounting to rather more than 20 volumes) should 
remain undecornposed, or 42 volumes of oxygen gas should be 
found in the residual gas, which, instead of 100 volumes, would 
amount to 112 volumes. 

If Mr. Dalton will consider these facts, he will, I think, see 
the necessity of admitting that protoxide of azote is a compound 
of 100 volumes azotic -4- 50 volumes oxygen gas condensed 
into 100 volumes. 

2. That deutoxide of azote is a compound of 100 volumes 
azotic -f 100 volumes oxygen gas united together, and consti- 
tuting 200 volumes, will not admit of doubt, if we attend to its 
specific gravity, which I have shown to be 1*04166 i^Aunah of 
Philosophy y xvi. 172.) Now Uiis is exactly the mean of the spe- 
cific gravities of oxygen and azotic gases ; for 

Oxygen *= l*llli 

Azotic 3= 0*9722 


2)2*0833 

Mean = 1*04166 

I have not myself made any experiments to determine the 
quantity of oxygen in deutoxide of azote by combustion; but 
the evidence adduced by Gay-Lussac in the second volume of 
ll^e Memoires d’ArQueil, that this gas is composed of equal 
volumes of oxygen and azotic gas, is so conclusive as to leave 
no doubts whatever on my mind of its truth. 

3. I have attempted to verify Gay-Lussac’s experiments, in 
which he made one volume of oxygen gas unite with four 
volumes of deutoxide of azote ; but thou^ I have returned to 
the subject more than once at dififerent periods of the year, I 
have never been so fortunate as to obtain the same results with 
that very ingenious philosopher. I have, however, succeeded 
in hitting upon a method *by which this combinarion can be 
accomplished at all times with the greatest ease. Indeed I 
have since found that this method is not new. It was practised 
by Mr. Cavendish as long ago as 1783, and is minutely described 

X 2 
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by him in his well-known paper, entitled Of a new Eudiome- 
ter,” (Phil. Tfans. 1783, p. 106). It is, therefore, rather singular, 
that this method, which is easy and exact, seems to be quite 
unknown both to Mr. Dalton and M. Gay-Lussac. The method 
is this : Put into a small glass vessel open below 100 volumes of 
deutoxide of azote. Into a small cylindrical glass vessel having 
a small brass stop cock at its top, and a brass plate (with a 
small hole in it) fixed to it by grinding below, put tOO volumes 
of common air. Sink the cylindrical vessel under water, and 
place the vessel containing the deutoxide of azote over it, tak- 
‘ mg care that its mouth is under the surface of the water. 
Things bejng in this situation, open the stop cock. The 
common air will make its way slowly, und bubble by bubble^ 
into the deutoxide of azote. Agitate the vessel containing the 
deutoxide of azote the whole time that the common air is enter- 
ing into it. If you measure the residual gas after the process is 
at an end, it will amount at an average to 96 or 97 volumes ; so 
that the quantity of gas that disappears when the experiment is 
made in this nay amounts to 103 or 104 volumes. 

Now 100 volumes of coinraou air contain 21 volumes of oxygen 
-gas ; so that 82 or 83 volumes of the gas which have disappeared 
are deutoxide of azote and 21 volumes oxygen gas ; but 21 : 83 
:: 100 : 395-2. 

In this mode of experimenting then, 100 volumes of oxygen 
gas unite to 395-2 volumes of deutoxide of azote. Now 395’2 is 
only about one per cent, less than 400. T conceive, therefore^ 
that there can be no doubt when the experiment is made in this 
way, that 100 volumes of oxygen gas really unite witli 400 
volumes of deutoxide of azote. 

Deutoxide of azote consisting of equal volumes of azotic and 
<>xygen gases uuited without undergoing any condensation, it is 
obvious that 400 vcluuies of it must be composed of 

200 volumes oxygen 

200 volumes azotic gas 

Therefore, when 100 oxygen unite w'ifh 400 deutoxide of azote, 
tlie compound formed is in reality composed of 200 volumes 
azotic and 300 volumes oxygen ; or, which is the same thing, of 
100 volumes azotic -8 150 volumes of oxygen gas. Now this is 
die compound called hi/poniirous acid. 1 have never attempted 
to collect this acid in order to examine its properties, the great 
quantity of water with whic h it was diluted in all my experi- 
ments precluding the possibility of obtaining it. But as this 
mode of experimenting gives uniform results, I see no reason to 
doubt that such a substance as hyponitrous acid actually exists. 

4. 1 have never found any diffiedity in obtaining a compound 
of 100 volumes oxygen and 200 volumes of deutoxide of azote. 
My method of proceeding is this : 1 introduce 100 volumes of 
common air Into a cylindrical glass tube, the internal diameter 
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of which is 0*9^ inch. This tube is shut at one end and open at 
the other, and being fiHed with water is placed inverted on the 
shelf of the water trough. A hundred volumes of deutoxide of 
azote are let up to the common air. The mixture becomes yel* 
low, and diminishes rapidly in volume. I allow the tube to 
stand untouched till the gas has become clear, and till it ceases 
sensibly to diminish in bulk. I then introduce the residual gas 
into a graduated tube, and measure its volume. The average 
residue, when the experiment is made in this way, is 137 
volumes. The following table exhibits the residual volume in 
six successive experiments, the original volume of the tw o gases . 
being 200. 

Volumes. • 

136 

137 

137 

138 

186 

137 

Mean .... 136*8 

Thus it appears that wdien the experiment is made in this %vay^ 
the gas which disappears, and which of course must have been 
converted into an acid and absorbed by the water, amounts to 
63 volumes, ^ow 21 of these volumes must iiavo been the 
oxygen contained in the 100 volumes of common air, and the 
zemuinuig 42 volumes must have been deutoxide of azote ; but 
42 is just double 21. Thus w e see that when the experiment is 
made in this way, one vclume of oxygen combines with two 
volumes of deutoxide of azote. This is the same thing as 100 
volumes of oxygen and 200 volumes of deutoxide of azote ; but 
200 volumes of deutoxide of azote are composed of 
100 volumes oxygen, 

100 volumes azotic gas, 

consequently the acid formed in this case is a compound of 100 
volumes of azotic and 200 volumes of oxygen gas. It is, there- 
fore, the acid known by the name^ of nitrous acid, Dulong has 
shown that this is the acid which is obtained when nitrate of 
lead is exposed to heat in a retort ; while the receiver is sur- 
rounded with a mixture of snow and salt. It is an acid of a 
pale-yellow' colour, and seems to undergo decomposition when 
united to the bases. From Dulong’s experiments, it appears to 
contain no water. Indeed nitrate of lead, when properly dried, 
is free from water. 

5. I have not yet hit updh a method of uniting 100 volumes of 
oxygen with 133 volumes of deutoxide of azote, Davy first 
showed, that if we unite these two gases in these proportions^ 
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the resulting compound will be nitric acid. I have tried the 
experiments, which he describes, but find the results too varia- 
ble to place reliance on them. But it is not difficult to 
demonstrate that nitric acid is in reality a compound of 100 
Tolumes azotic and 250 volumes of oxygen gas. 

In the Annals of Fhrlosoph^, xvi. 334, I have shown by a 
simple^ but decisive experiment, that the atomic weight of nitric 
acid is 6*75. Hie preceding observations leave no doubt that 
composition of protoxide of azote, deutoxide of azote, hypo- 
nitrous acid, and nitrous acid, is as follows : 

Azote. Oxygen. 


Protoxide of azote 100 volumes + 50 volumes 

Deutoxide of azote ...... 100 *4- 100 or 50 x 2 

- Hyponitrotis acid 100 + 150 or 60 x 3 

Nitrons acid ... 100 -P 200 or 50 x 4 


We cannot avoid concluding, from observingthese proportions, 
that these different substances are composed as follows : 

Azote. Oxygen. 

Protoxide of azote 1 atom -p 1 atom 

Deutoxide of azote 1 +2 

Hyponitrous acid 1 -4-3 

Nitrons acid 1 -4-4 

Consequently an atom of azote is represented by a volume of 

azotic gas and an atom of oxygen by half a volume of oxygen 

gas j but the specific gravity of azotic gas is 0*9722, and that 
of oxygen 1*1111, the half of which is 0'5555 ; therefore, the 
weight of an atom of oxygen is to that of an atom of azote as 
0*5555 to 0*9722 ; but 5555 : 9722 :: 1 : 1*75 ; consequently, if 
an atom of oxygen be represented by 1, an atom of azote will 
weigh 1*75, Substituting these weights for the atoms in the 
preceding table, we obtain the atomic weights of these dilierent 
bodies as follows : 


Protoxide of azote 2*75 

Deutoxide of azote 3*75 

Hyponitrous acid 4*75 

Nitrous acid. 5*76 


If to 5*75 we add another atom of oxyge’n, we obtain 6*75. 
Now this is the weight of an atom of nitne acid. It cannot be 
doubte(|> therefore, that nitric acid is a compound of five atoms 
of oxygen and one atom of azote. «But as an atom of azote 
xepres^ts a volume, while an atom of oxygen represents half a 
vmuw, it is evident that uitiic acid mast be a compound of 

% 



327 


1621.] the CombinaiiioHe ^ Azote and Oxi/geiu 

f Azote. * Oscygen. 

100 volumes -f 260 volumes. * 

Now this is the very constitution pointed out by Davy and by 
Gay-Lussac. 

C. About the year 1806, Mr. Dalton published a set of experi- 
ments to determine the proportion of the sevejg.1 gases in the 
atmosphere.^ In this paper he remarks, that ilTOG volumes of 
jjure deutoxide of azote be introduced into a ^asa tube about 
tliree-tenths of an inch wide, and 100 volumes of common aw be 
let up into it, after a few minutes the whole will be reduced to . 
79 or 80 volumes, and will exhibit no signs of either oxygen, or 
deutoxide of azote. In this case, 21 volumes of oXygen have 
united with 36 volumes of deutoxide of azote. If the same expe- 
riment be made in a wide vessel, a common tumbler, for instance, 
and if we employ 72 volumes of deutoxide of azote and 100 
volumes of common air, the residue will be as before, 79 or 80 
volumes. Thus 21 volumes of oxygen unite with 36 volumes of 
deutoxide of azote in a narrow tube, and with 36 x 2 = 72 
volumes in a wide vessel. This is equivalent to 

Oxygen. Deutoxide of azote. 

100 volumes -f 171*429 volumes 
100 + 342-868 

The diminution of volume in a narrow tube he tinds so con- 
stant that he recommends this mode of experimenting as a good 
method of detecting the volume of oxygen in a given quantity of 
gas. Take a given volume of it, and let up into it a given volume 
of deutoxide of azote. Note the diminution of volume ; 7-19ths 
of this diminution is the oxygen required ; so that, according to 
this rule, we have only to multiply the diminution of volume by 
0*3684 ; the product is the volume of oxygen required. 

I have made a great many trials to verify these conclusions of 
Mr. Dalton. Indeed I adopted his mode of determining the 
proportion of oxygen in mixed gases by means of deutoxide of 
•azote as soon as 1 became acquainted with it ; but the want of 
coincidence between difierent trials, though made in precisely 
the same way, led me at last to doubt its precision, and to make 
a set of experiments in order to investigate what really takes 
place. I found, in the first place, that the results did not vary 
sensibly, whether we employed glass tubes of the bore 0*3, 0*4, 
or 0*5 inch. My mode of proceeding was to put 100 volumes of 
common air into a graduated tube, and to let up into it 100 
volumes of deutoxide of azote. After the diminution of volume 
was at an end, I noted the volume of residual gas. The follow- 
ing table exhibits the volume of residual gas in six successive 
experiments made in this way in a tube of 0*6 inch in diameter : 

Fliil XKui. S5l* 
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Volumes. 

138 
140 
144 
142 
144 
142 

Tliemean of these trials gives a residue of 141*6 volumes. The 
smallest residue was 138, and the greatest 144. 

. The mean volume of gas which disappeared in this case was 
.08*4. Now of this, 21 volumes were oxygen gas, the remaining 
37*4 volumes must have been deutoxide of azote ; so that the 
mean of these experiments gives us 21 volumes of oxygen unit* 
ing with 37*4 volumes of deutoxide of azote. This is only a very 
little greater than 36 volumes, the quantity assigned by Mr. 
Dalton. The extremes in the experiments are : 

Voluiues, Volumes. 

21 oxygen -f 35 deutoxide of azote 
21 + 41 

These variations are so great that I was induced to abandon 
Dalton’s method altogether. I find that a tube 0*9 inch in 
diameter gives much more correct results. When we employ it, 
the 21 volumes of oxygen just unite with 42 volumes of deutox- 
ide of azote ; so that the oxygen is obtained by dividing the 
diminution of bulk by 3. It is obvious that 36 volumes of deut- 
oxide of azote is not the minimum quantity with which 21 
volumes of oxygen gas are capable of uniting. The minimum, 
instead of 36, is in reality 28 volumes. 1 have obtained a dimi- 
nution not exceeding 51 volumes, when I employed veiy narrow 
tubes ; but the process is disagreeable, and not nearly so accu- 
rate as when w*e use tubes with a diameter of 0*9 inch. 

When we mix common air and deutoxide of azote in a com- 
mon tumbler over water, the results are pretty uniform. The 
following table exhibits the volume ol’ residual gas when 100 
volumes of deutoxide of azote w^ere let up into 100 volumes of 
common air in a tumbler about three inches in diameter : 

119 

119 

118 

118 

118 

118 

Mean,... 118*3" 

In these experiments, the mean diminution of bulk was Sl-,- 
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volumes. Of these 21 were oxygen; so that 21 volumes of 
oxygen had united with 60*6 volumes of deutoxide of azote. 
This differs materially from 72 volumes which Mr. Dalton states 
as the maximum of deutoxide of azote which unites with 21 
volumes of oxygen. My experiments were all made without 
agitating the vessels, which no doubt diminishes the portion of 
deutoxide of azote which disappears when agitat^n is used. My 
results approach very nearly to one volume oxygen, and three 
volumes deutoxide of azote. Such a compound would consist of 

^ 1-5 volumes azotic, 

2*0 volumes oxygen. 

This is equivalent to 

1 volume azotic. 

If- volume of oxygen, 

which is the same as 1 atom azote -f 3} atoms oxygen. This 
is obviously no definite compound, though it approaches 
nearest to hyponitrous acid. 

A very great number of experiments which 1 have made upon 
these combinations during the course of the last 13 years leave 
no dou])t whatever on my mind that both Mr. Dalton’s minimum 
and maximum of deutoxide of azote are inaccurate, and that in 
reality 1 volume of oxygen may he made to combine with 1^, 2, 
and 4 volumes of deutoxide of azote, producing nitric acid, 
nitrous acid, and hyponitrous acid, respectively. The two gases 
can comhine in all the intermediate proportions between tliese. 
Hence the great variety of results, and the apparently capricious 
nature of the experiment'^, that have for so many years attracted 
the attention of the chemical world. 


Article IL 

A Memoir on some new Modifications of Galvanic Apparatus, 
vHth Ohseri'atiom in Support of kis Theory of Galvanism, 
By R. Hare, MD. Professor of Chemistry in* the University of 
Pennsylvania. Communicated by the Author. (With a Plate.) 

I HAD observed that the ignition produced by one or two 
galvanic pairs attained its highest intensity, almost as soon as 
they were covered by the acid used to excite them, and ceased 
soon afterwards ; although the action of the acid should have 
increased during the interim. I had also remarked in using an 
apparatus of 300 pairs of sytnall plates, that a platina wire. No. 16, 
placed in the circuit, was fused in consequence of a construc- 
tion which enabled me to plunge them all nearly at the same 
time. It was, therefore,^onceived, that the maximum of effect 
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in voltaic^ apparatus of ^t^osive aeries hf^ nai^r been attained.' 
The plates are geaerally ana&ged. in distinct troughs^ rarely 
containing more than 20 pairs. Those of the great apparatus of 
the Royal Institution, employed by Sit H. Davy, had only 10. 
pears in each. There were 100 such to be successively placed, 
m the acid, and the whole connected ere the poles could act. 
Consequently the effect which arises immediately after immer- 
sion would be lost in the troughs iirst arranged, before it could 
he produced in the last ; and no effort appears to have, been 
maae to take advantage of this hlansi'ent accumulation of power, 
either in using that magniiieent combination, odiin any other 
of which I have read. In order to obserre the consequence of 
simultaneous immersion with a series: sufficientiy numerous' to 
test thu correctness of my expectattons, ia galvamo apparatus of 
80 conci^tric coils of copper and zitie^ was so suspended by a 
beam'" and levers as that they might be made to descend into, or 
rise out of, the acid in an instant. The zmc sheets were about 
nine inches by six, the copper fburteen by six ; more of this mdtal 
being necessary, as in every coil it was made to commence within 
the :^inc, and completely to surround it without. The sheets 
, were coiled so as not to leave between them an interstice wider 
than a quarter of an inch. Bach coil is in diameter about two. 
inches and a half,' so that aE may descend freely into 80 glass 
. jars two inches and three-quarters diameter inside, and eight 
inches high, duly stationed to receive them.*^ 

My apparatus being thus arranged, two small lead pipes were 
severally soldered to each pole, and a piece of charcoal about a 
quarter of an inch thick, and an inch and a half long, tapering a 
little at each extremity, had these severally inserted into me 
hollow ends of the pipes. The jars being furnished with diluted 
acid, and the coils suddenly lowered into them, no vestige of 
the charcoal could be seen. It was ignited so intensely, that 
those portions of the pipes by which it had been embraced were 
destroyed. In order to avoid a useless and tiresome repetition, 
I will here state that the coils were only kept in the acid wdiile 
the action at the poles was at a maximum in the expefimeiit iusA 
mentioned ; and m others, wM^k I am about to describe, unless 
where the decomposition pixxliiced by water is spoken of,^pr 
sensation excited in the h^ds^ I designate the apparatus Wjth 
which I performed them as the galvanic deflagrator, on accoijint 
of its superior power, in proporrion to its size, in causing deEa- 
gcation ; and as, in the form last adopted, it differs from, the 
pile in the omissiem of one of the elements heretofore 
deemed necessary to its ccmstructiou. 

Desirous Of seeing the effect of the simultaneous immersion of 
xny. series upon water, the pipes soldered to the poles were 
introduced iuto a vessel coniainiqg thut fluid. No extraordinary 
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effect was perceived, until they^ were very near, when a vivid 
flash was observed, and happening to touch almost at the same, 
time, they were found fused and incorporated at* the place of 
contact. I next soldered to each pipe a brass cylinder of about 
five-tenths of an inch bore. These cylinders were made to 
receive the tapering extremities of a piece of charcoal about two 
inches long, so as to complete the circuit. The submersion of 
the coils caused the most vivid ignition in the coal. It was 
instantaneously and entirely on fire. A piece of platina of about 
a quarter of an inch, diameter in connexion with one pole, was- 
instantly fuseij^at the end on being brought in contact with some 
mercury communicating with the other. When two cylinders, 
of charcoal, having hemispherical terminations, were fitted into 
the brass cylinders and brought nearly into contact, a most vivid 
ignition took place, and continued after they were removed about 
a hall* or tliree quarters of an inch apart, the interval rivalling the 
sun in brilliancy. The igneous fluid appeared to proceed from 
tlie positive side. The charcoal in the cylinder soldered to the 
latter, would be intensely ignited throughout, when the piece 
connected with the negative pole was ignited more towards the 
extremity approaching the positive. Ihe most intense action 
seems to arise from placing a platina wire of about the eighth of 
an inch diameter, in connexion with the positive pole, and 
bringing it in contact with, and afterwards removing it a small 
disUince apart from, a piece of chai’coal (fresh from the fire), 
affixed to the other pole. 

As points are pre-eminently capable of carrying off (witliout 
being injured) a current of the electrical fluid, and very ill quali^ 
fled to conduct caloric ; while, by facilitating radiation, charcoal 
favours the separation of caloric from the electricity which does 
not radiate ; this result seems consistent with my hypothesis, 
that the fluid as extricated by Volta’s pile is a compound of 
caloric and electricity ; * but not with the other hypotliesis^ 

* ^Vccording to the tlicory here alluded to, the galvanic fluid owes its properties to 
caloric and electricity, the former predominating in proportion to the size of Uie i)airs, 
the latter in projnmion to the number, being in both cases excited by a powerful acid. 
Hence in batteries which combine botli qui^flcations suffidently, as in dl those inter- 
vening between Children’s large pairs of two feet eight inches by six feet, and the 2000 
four-inch pairs of the Royal Institution, tlie phenomena indicate the presence of both 
fluids. In Be Luc’s column, where the size of the pairs is insignificant, and the ener^ 
of interposed agents feeble, we see electricity evolved without any appreciable quantity 
of caloric. In the calorimotor where wc have size only, the number being the lowest 
possible, we arc scarcely able to detect the presence of electricity,' 

When the fluid contains enough electricity to give a projectile power adequate to pass 
through a small space in the air, or through charcoal, wliich impedes or arrests tlie esdo^ 
lie, and favours its propensity to radiate, this principal heat is evolved. This accounts 
for the evedudon of intense heat under those circumstances which raiifles tlie air, so that 
the length of the jet from one pole to tlie other may be extended after its commence- 
ment. Hence the portions of the ci|cuit nearest to the intervening charcoal, or heated 
apace, are alone injured ; and even non-conducting bodies, as quartz, introduced into it , 
are fused, and hence a very large wire may be melted by the fluid, received through a 
small wire imperceptibly affected. 

See SUliman’s Journal, No. 6, vol. i. ; Thomson’s Annals^ Sept, IblO; Tilloch’s 
Philosophical Mi|[[azine, Oct. 1SL9. 
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which supposes it to be electricity alone. The finest needle is 
competent to discharge the product of the most powerful machines 
without detriment, if received gradually as generated by them. 
Platina points, as small as those which were melted like wax in 
my experiments, are used as tips to lightening rods without 
-injury, unless in sudden discharges produced under peculiar 
circumstances.* 

The following experiment I conceive to be very unfavoumble 
to the idea that galvanic ignition arises from a current of elec- 
tricity. 

A cylinder of lead, of about a quarter of an inchKliameter, and 
* about two inches long, was reduced to the thickness of a com- 
mon brass pin for about three-quarters of an inch. When one 
-end was connected witli one ])ole of the apparatuvs, the other 
•remained suspended by this filament; yet it was instanta- 
neously fused by contact with the otlierpole. As all the calo- 
rific fluid which acted upon the suspended knob must have 
passed through the filament by which it hung, the fusion could 
not have resulted from a pure electrical current, whicli would 
have dispersed the filament ere a mass 50 times larger hud been 
perceptibly affected. According to lay thei^ry, caloric is not 
separated from the electricity until circinustaiices vcmv much 
favour a disunion, as on the passage of the etinipoiuid fluid 
through charcoal, the air, or a vacuum. In operating with the 
deflagrator, 1 have found a brass knob of about five-tenths of 
an inch in diameter, to burn on the superficit s only; where 
alone, according to my view% caloric is separated so as to act on 
the mass. Ha\ing, as mentioned in the memoir on my theory of 
galvanism, found that four galvanic siirlaces acted well in one 
recipient, I was tempted, by means of the 80 coils, to extiaul 
that construction. It occurred tome that attempts of tins kind 
had failed from using only one copper tor each zinc ])late. The 
zinc had alw'ays been permitted to react toward# the negative as 
well as the positive pole. Aly coils being surrounded by copper, 
it seemed probable, that if electro-caloiic were, as 1 had sug- 
gested, cai l ied forw aid by circulation arising from galvanic ])ola- 
rity, this might act within the interior of tlie coils, yet not be 
exerted between one coil and another. 

I had accordingly a trough constructed with a partition along 
the middle, so as to receive 40 coils on one side, and a like num- 
ber on the other. This apparatus, when in operation, excited a 
sensation scarcely tolerable in the backs of the hands. Inter- 
posed charcoal was not ignited as easily as before, but a most 
intense ignition took place on bringing a metallic point connected 
with one pole of the series into contact with a piece of charcoal 
fastened to the other. It did not takq place, however, so spee- 
dily as when glasses were used ; but soon after the ignition was 
effected, it became even more powerful than before. A cylinder 
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of platina nearly a quarter of an inch in diameter, tapering a 
little at the end, was fused and burned so as to sparkle to a con- 
siderable distance around, and fall in drops. A bill of brass of 
about lialf an inch diameter was seen to burn on its surface with 
a green dame. Tin foil, or tinsel, rolled up into large coils of 
about three-quarters of an inch thick, were rapidly destroyed, as 
w^as a wire of platina of INo. 10. Platina wires in connexion 
with the poles were brought into contact with sulphuric acid ; 
there was an appearance of lively ignition, but strongest on the 
positive side. Excepting in its power oi' permeating cliarcoal, 
the galvanic fluid seemed to be extricated with as much force 
us ‘When each coil was in a distinct glass. Apprehending that* 
the partition in the trough did not sutticieritly insulujte the poles 
from each other, as they were but a ftwv inches apart, moisture 
or moistened w ood intervening, I hud two troughs made, each to 
hold -lO pairs, and took care that tiure should be a dry space 
about four inches broad between them. They were first filled 
with pure river water, there being no saline nor acid matter to 
influence the plates, unless tlie very minute quantity which 
might have remained on them from former immersions. Yet the 
sensation produced by them on the backs of my liands w^as 
painful, and a lively scintillation took place when the poles were 
approximated. Dulcli gold leaf was not sensibly burned, though 
wateKWi*'^ found decoiiqiosible by wires properly affixed. No 
effect was produced on j)Otash, the heat laang inadequate to 
fuse it. 

A mixture of nitre and suljdiuric acid was next added to the 
water in the troughs, afterwards charcoal from the tire was 
vividly ignited, and when attached to the positive pole a steel 
wire was interposed between it and the other pole, the most 
vivid ignition which 1 ever saw' w'as induced. I should deem it 
imprudent to ^>eat the experiment w ithout glasses, as my eyes^ 
"though umisiuffy strong, were affected for 48 hours afterwards. 
If the intensity oftlic light did not produce an optical deception 
by its distressing indueucc upon the organs of vision, the char- 
coal assumed a iiasty consistence, as if in a state ajiproaching 
to fusion. That charcoal should be thus softened, w ithout being 
destroyed by the oxygen of the atmosphere, will not appear 
strange, w^hen the power of galvanism in reversing chemical affi- 
nities is remembered ; and were it otherwise, the air could have 
no access; first, because of the excessive rarefaction, and in the 
next place, as 1 suspect, on account of the volatilization of the 
carbon forming about it a circumambient atmosphere. This 
last mentioned impression arose from observing that, when the 
experiment was performed in vacuo, there was a lively scintilla- 
tion, as if the carbon in aeriform state acted as a supporter of 
combustion on the metal. 

A wire of platina (No. 16) was fused into a globule on being 
connected with the positive pole, and brought into contact with 
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% piece of pure hydrate of potash, situated on a silver tray in 
connexion with the other pole. The potash became red-hot, 
and was deflagrated rapidly with a flame having the rosy hue of 
potassuretted nydi-ogen. 

The great apparatus of the Royal Institution, in projectile 
power y was from six to eight times more potent tnan mine. It 
produced a discharge between charcoal points when removed 
about four inches apart, whereas mine will not produce a jet at 
more than three-fourths of an inch. But that was a series of 
2000 pairs ; mine is only about a twenty-fifth part as large. 

A steel wire of about one-tenth of an inch in diameter affixed 
to the negative pole was passed up through the axis of an open 
necked inverted bell glass filled with water. A platina wire, 
No. 16, attached to a positive pole, being passed down to the 
steel wire, both were fused together, and cooling, could not be 
separated by manual force, immediately after this incorpora- 
tion of their extremities, the platina wjre became incandescent 
for a space of some inches above the surface of the water. 

A piece of silvered paper, about two inches square, was 
folded up, the metallic surface outward, and fastened into vices 
affixed to the poles. Into each vice a wdre was screwed at the 
same lime. Tne fluid generated by the apparatus was not per- 
ceptibly conveyed by the silvered paper, as it did not prevent the 
wires severally attached to the poles from decomposing water, or 
producing ignition by contact. 

In my memoir on my theory of galvanism, I suggested that 
the decomposition of water, which Wollaston effected by mecha- 
nical electricity, might not be the effect of divellent attraction 
like those excited by the poles of a voltaic pile, but of a mecha- 
nical concussion, as when wires are dispersed by the discharge 
of an electrical battery. In support of that opinion, I will now 
observe, that he could not prevent hydrogen ^d oxygen from 
being extricated at each wire, instead of hydrogen being givert 
off only at one, and oxygen at the other, as is invariably the 
case when the voltaic pile is employed. That learned and inge- 
nious philosopher, in concluding his account of this celebrated 
experiment, says, but in fact the resemblance is not complete, 
for in every way in w'hich I have tried it, 1 observed each wire 
gave out both oxygen and hydrogen gas, instead of their being 
^ formed separately as by the electric pile.” 

Is it not teasonable to suppose that an electrical shock may 
dissipate any body into its elementary atoms, whether simple or 
compound, so that no two particles would be left together which 
can be separated by physical means. 

Looking over Singer’s Electricity, a recent and most able 
modern publication, 1 find that^in the texplosion of brass wire by 
an electrical battery, the copper and zme actually separated. 
He says, page 186, Brass wire is sometimes decomposed by 
the charge ; the copper and zinc of which it is formed being 
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separated from each other, and appearing in their distinct 
metallic Colours.’^ In the next page of the same work, I find 
that the oxides of mercury and tin are reduced byielectrical dis- 
charges. “ Introduce,’’ says the author, some oxide of tin 
into a glass tube, so that when the tube is laid horizontal, the 
oxide may cover about half an inch of its lower internal surface. 
Place the tube on the table of the universal discharger, and 
introduce the j^ointed wires into its opposite ends, that the por- 
tion of oxide may lay between them. Pass several strong 
charges in succession through the tube, replacing the oxide in 
its situation, should it be dispersed. If the charges are suffi- 
ciently powerful, a part of the tube will soon be stained with 
metallic tin which has been revived by the action of* transmitted 
electricity.” It cannot be alleged that in such decompositions 
the divellent polar attractions are exercised like those which 
characterize the action of wire proceeding from the poles of a 
voltaic apparatus. The particles w^ere dispersed from, instead 
of being attracted to the wires, by which the influence w'^as con- 
veyed among them. This being undeniable, it can hardly be 
advanced that we are to have one mode of explaining the sepa- 
ration of the elements of brass by an electrical discharge, ano- 
ther of explaining the separation of the elements of water by the 
same agent. One rationale when oxygen is liberated from tin, 
and another when liberated by like means from hydrogen. In 
the experiment in which copper was precipitated by the same 
philosoplier at the negative pole, we are not informed whether 
the oxygen and acid in union with it were attracted to the other, 
and the changes produced in litmus are mentioned not as simul- 
taneous, but successivf*. The violet and rexl rays of the spectrum 
have an opposite chemical influence in some degree like that of 
voltaic poles, but this has not led to the conclusion that the 
cause of galvanism and light is the same. Besides admitting 
that the feeble tesults obtained by Wollaston and Van Marum 
with electrical machines are perfectly analogous to those ob- 
tained by the galvanic pile, ere it can become an objection to 
ray hypothesis, it ought first to be shown that the union between 
caloric and electricity, which I suppose productive of galvanic 
phenomena, cannot be produced by that very process. If they 
combine to form the galvanic fluid when extricated by ordinary 

f alvanic action, they must have an affinity for each other. As 
have suggested in my memoir, when electricit/ - enters the 
pores of a metal, it may unite with its caloric. In Wollaston’s 
experiments, being constrained to enter the metal, it may com- 
bine with enough of its caloric to produce, when emitted, results 
slightly approaching to those of a fluid in which caloric exists in 
greater proportion. 

But once more I demand why, if mechanical electricity be 
too intense to produce galvanic phenomena, should it be ren- 
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dered more capable of producing them by being still more 
concentrated. 

If the be generated more copiously, the other more 
intensely, the first will move in a large stream slowly, the last in 
a small stream rapidly. Yet, by narrowing the chdiinel of tlie 
latter, Wollaston is supposed to render it more like the former ; 
that is, produces a resemblance by increasing the supposed 
source of dissimilarity. 

It has been imagined that the beneficial eft’ect of his contri- 
vance arises from the production of a continued stream, instead 
of a succession of sparks ; but if a continued stream were the 
only desideratum, a point placed near the conductor of .a power- 
ful machine would afford this requisite, as the whole product 
may in sucli cases be conveyed by a sowing needle in a stream 
perfectly continuous. As yet no adequate reasons have been 
given w^hy, in operating with tlie pile, it is not necessary, as iu 
the processes ol‘ Van Marum and \\'ollaston, to enclose the wires 
in glass or sealing w'ax, in order to make the electricity emanate 
from a point within a conducting fluid. The absence of this 
necessity is accounted for, according to iny hypothesis, by the 
indisposition which the electric fluid has to quit the caloric in 
union with it, and the almost absolute incapacity which caloric 
has to pass through fluids unless by circulation. I conceive that 
in galvanic combinations, electro-caloric may circulate through 
the fluid from the positive to the negative surface, and through 
the metal from the negative to the positive. In the one case 
caloric subdues the disposition which electricity has to diffuse 
itself through fluids, and carries it into circulation. In the other, 
as metals are excellent conductors of caloric, the prodigious 
power which electricity has to pervade them agreeably to any 
attractions which it may exercise, operates almost without 
restraint. Tliis is fully exemplified in mv galvanic deflagrator, 
where 80 pairs are suspended in two recipients, 40 successively 
in each, and yet decompose potash with the utmost rapidity, 
and produce an almost intolerable sensation * when excitetl 
only by fresh river water. I have already observed that the 
reason why galvanic apparatus, composed of pairs consisting 
each of one copper and one zinc plate, have not acted well with*- 
out insulation t was because electro-caloric could retrocede in 
the negative as well as advance in the positive direction. I will 
now aad that, independently of the greater effect produced by 
the simultaneous immersion of ‘my 80 -coils, their power is 
i|nprovecl by the ptoximity of the surfaces, which are only about 

* 1 s«y shock, ab it it mott lilie CieftamiaeiitiiopreMte of « pointed wire ; 
and wtieni^i acad is used, of a hot one. 

+ idth tiieiiattieiinuM of cOMiiC^ thiid, in contact with aU the surfaces^ 

instead reotekted in its action to one copper 

and pSuatia- 
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three-sixteenths of an inch asunder ; so that the circulation may 
go on more rapidly. ^ 

Pursuant to the doctrine, which supposes the same quantity 
of electricity, varying in intensity in the ratio of the number of 
pairs to the quantity of surface, to be the sole agent in galvanic 
ignition, the electrical fluid as evolved by Sir H. Davy's great 
pile must have been nearly two thousand times more intense 
than as evolved by a single pair, yet it gave sparks at no greater ^ 
distance than the thirtieth or fortieth of an inch. The intensity 
of the fluid must be at least as much greater in one instance 
than in another, as the sparks produced by it are longer. A fine . 
electrical plate machine, of 32 inches diameter, will give sparks 
at 10 inches. Of course the intensity of the fluid which it emits 
must be 300 times greater than that emitted by 2000 pairs. 
The intensity produced by a single pair must be 2(500 times less 
than that produced by the great pile ; and, of course, 600,000 
times less than that produced by a good electrical plate of 32 
inches. Yet a single pair, of about a square foot in area, will 
certainly deflagrate more wire than a like extent of coated sur^ 
face charged by such a plate. According to Singer, it requires 
about 160 square inches of coated glass, to destroy watch pen- 
dulum wire ; a larger wire may be burned off* by a galvanic 
battery of a foot square. But agreeably to the hypothesis in 
dispute, it compensates by quantity for the want of intensity. 
Hence the quantity of fluid in the pair is 600,000 times greater, 
while its intensity is 600,000 times less ; and vice versa of the 
coaled surface. Is not this absurd ? What does intensity mean 
as applied to a fluid ? Is it not expressed by the ratio of quantity 
to space I If there be twice as much electricity within one cubic 
inch, as within another, is there not twice the intensity? But 
the one acts suddenly, it may be said ; the other slowly. But 
whence this diff*erence ? They may both have exactly the same 
surface to exist in. The same zinc and copper plates may be 
used for coatings first, and a galvanic pair afterwards. Let it 
be said, as it may in truth, that the charge is, in the one case,’ 
attached to the glass superficies ; in the other, exists in the pores 
of the metal. But w^hy does it avoid these pores in one case, 
and reside in them in the other ? What else resides in the pores 
of the metal which may be forced out by percussion? Is it not 
caloric? Possibly, unless under constraint, or circumstances 
favourable to a union between this principle and electricity, the 
latter cannot enter the metallic pores beyond a certain degree of 
saturation ; and hence an electrical charge does not reside in the' 
metallic coatings of a Leyden phial, though it fuses the wire 
which forms a circuit between them. 

It is^ admitted that the action of the galvanic fluid is upon, or 
between, atoms ; while mechanicarelectricity, when uncoerced, 
acts only upon masses. This diflference has not been explained 
unless by my hypothesis, in which caloric, of which the influence 
}iew Series, voL. i. y 
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is only exerted between atoms, is supposed to be a principal 
agent in galvanism. Nor has any other reason been given that 
^ water, which dissipates pure electricity, should cause the galva- 
nic fluid to accumulate. From the prodigious effect which moist 
air, or a moist surface, has in paralysing the most ellicicnt 
machines, I am led to suppose, that the conducting power of 
moisture so situated is greater than that of water under its sur- 
, face. The power of this fluid to conduct mechanical electricity 
is unfairly contrasted with that of a metal, when the former is 
enclosed in a glass tube, the latter bare. 

. According to Singer, the electrical accumulation is as great 
when water is used as when more powerful menstrua are 
employed ; -but the power of ignition is wanting until these are 
resorted to. De Luc sliow'cd, by his ingenious dissections of 
the pile, that electricity might be produced without , or icith 
chemical power. The rationale of these differences never has 
been given, unless by my theory, uhich supposes caloric to be 
present in the one case, but not in the other. The electric 
column was the fruit of l)e Luc’s sagacious inquiries, and 
afforded a beautiful and incontrovertible support to the objec- 
tions he made to th(j idea, that the galvanic fluid is pure electri- 
city, when extricated by the voltaic pile in its usual form. It 
showed that a pile really producing pure electricity is devoid of 
the chemical power of galvanism. 

We are informed by Sir 11. l)a\ y that, when charcoal points 
in connection with the poles of the magnificent apparatus with 
which he operated, were first iirought nearly into contact, and 
then withdrawn four inches apart, there was a heated arch 
formed between them, in which such non-conducting substances 
as quartz were fused. I believe it impossible to fuse electrics 
by mechanical electricity. If opposing its passage, they may 
be broken, and if conductors near them be ignited, they may be 
acted on by those ignited conductors as ifotherw’ise heated; but 
I will venture to predict, that the shglitest glass fibre will not 
enter into fusion by being placed in a current from the largest 
machine, or electrical battery. 

I am induced to believe that we must consider light, as well 
as heat, an ingredient in the galvanic fluid ; and tliink it pos- 
sible, that, being necessary to vitality in animals, as well as 
vegetables, the electric fluid may be the vehicle of its distri- 
bution. 

I will take this opportunity of stating, that the heat evolved 
by one galvanic pair has been found, by the experiments which 
I instituted, to increase in quantity, but to diminish in intensity, 
as the size of the surfaces may be enlarged. A pair containing 
about 50 square feet of each inetal will not fuse platina, nor 
deflagrate iron, however small may* be the wire employed ; for 
the heat produced in metallic wires is not improved by a reduc- 
tion in their size beyOnd a certain point. Yet the metals above- 
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mentioned are easily fused or deflagrated by smaller pairs, 
which would have no perceptible influence 04 masses that 
might be sensibly ignited by larger pairs. These characteristics 
were fully demonstrated, not only by my own apparatus, but by 
those constructed by Messrs. Wetherill and Peale, and which 
were larger, but less capable of exciting intense ignition. Mr. 
Peale's apparatus contained nearly 70 square feet, Mr. Wethe- 
rill’s nearly 100, in the form of concentric coils, yet neither could - 
produce a heat above redness on the smallest wires. At my 
suggestion, Mr. Peale separated the two surfaces in his coils into 
four alternating, constituting two galvanic pairs into one reci- 
pient. Iron wire was then easily burned, and platina fused by it. 
These facts, together wnth the incapacity of the calorific fluid 
extricated by the calorimeter to permeate charcoal, next to, 
metals, the best electrical conductor, must sanction the position 
I assigned to it as being in the opposite extreme from the 
columns of De Luc and Zamboni. For, as in these, the pheno- 
mena arc such as are characteristic of pure electricity, so in one 
very large galvanic pair, they almost exclusively demonstrate the 
agency of pure caloric. 


P. S. Since writing the above, I have endeavoured in every 
mode which I could devise to ignite charcoal by electricity. 
Exposed to the discharge of a powerful battery in pieces taper- 
ing to a point, in a glass tube, in thin strips, and in powder, by 
means of the glass usually employed for inflaming etner, it was 
either uninfluenced, or merely dispersed, without the smallest 
symptom of ignition, or even of increased warmth. Yet fulmi- 
nating mercury was flashed by the discharge, under the same 
circumstances as those in which the p v dered charcoal had been 
subjected to it. The result, therefore, was such as migl\t be 
expected from a mechanical concnsmnJ^ Pointed wires were 
covered with spermaceti, and exposed to a current from a fine 
plate machine of 32 inches diameter ; yet no sign of fusion 
appeared. Nor was a differential thermometer filled with ether, 
according to Dr. Howard’s sagacious plan, affected sensibly, 
though the warmth of a finger applied to the bulb caused the 
fluid in the stem to move nearly a foot. 

1 mentioned in the memoir, p. 332, that when a knob of lead 
suspended by a filament to one of the poles of my deflagrator 
was made to touch the other pole of the same instrument, the 
knob was fused, the filament uninjured. I find the reverse is 
the case, when a knob suspended by a filament is made the 
medium of discharging an electrical battery. The filament is 
destroyed, the knob remains unchanged. It must be evident, 
therefore, that galvanic and electrical ignition are extremely 
diseprdant in their characteristics. 

It is also mentioned in the memoir that a piece of silvere 

y2 
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paper, two inches square, proved inadequate to discharge my 
galvanic apparatus of coils, yet at a distance 70 times greater, 
a strip of the same paper, one-third of an inch wide, and 20 
inches long, caused an instantaneous discharge of the electrical 
battery. 


Article III. 

A Mathematical Inquiry into the Causes, Laws, and principal 
, Phenomena of Heat, Gases, Gravitation, S)C. By John He- 
rapath, Esq. (In a Letter to D. Gilbert, Esq. MP. VPRS. &c.) 

{Continued from p. 29S.) 

Of the Laws of Gaseous Bodies. 

Definitions. 

Def. 1. — The homogeneity of a gas is the perfect equality of its 
atoms, or particles, throughout, in quantity of matter. It is of 
no consequence w'hether the atoms are similar in figure or not ; 
their figures might be very different, provided, how’ever, the 
quantity of solid matter in each is the same. 

Def. 2. — Density is the quantity of matter in a given space, 
when the atoms, or particles, wdiatever be their relative magni- 
tudes, are uniformly disposed in the medium. 

Cor. 1. — ^The mean density of any body is, therefore, propor- 
tional to the whole quantity of matter, divided by the whole bulk, 
or magnitude of the body. 

Cor. 2. — In a homogeneous body, the density is equal to the 
mass of an atom drawn into the number contained in a given 
space. 

Def. 3. — Numeratom is a term I have employed to express 
the number of atoms, or particles, distributed throughout a given 
space, without respect to the density or homogeneity of the 
body. 

Cor. — Hence the numeratom of a homogeneous body is pro- 
portional to the density directly, and the mass of a particle, or 
atom, inversely. 

This conclusion might also have been drawn from Cor. 2 of 
the preceding definition. 

Def. 4, — ^The elasticity of a gas is the force with which it 
endeavours to expand itself, or with which it resists compres- 
sion; and is estimated by the amount of its action against 
similar and equal portions of the containing bodies. 

General Considerations on Force and the Constitu« 
TioN OF Gaseou# Bodies. 

Force is the cause of any change, or is that power, by which, 
the change is produced. If, therefore, a body be perfectly free 
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to yield to any change of state, and none take place, it. follows, 
that the body is not acted on by any force ; or if it be, it must 
be by an accumulation of opposing forces, which, in the aggre- 
gate, destroy one another. Mathematicians usually estimate 
force by the effect it produces, or v;ould produce, in a given 
time, and consider the intensity of the force as proportional to 
the effect. Thus, if one of two forces produce twice the effect 
of the other, it is considered to be doubly as powerful if three 
times the effect, trebly ; and so on. But this is rather estimat- 
ing the effects than the forces ; since it is possible for the same 
primitive force, by successive actions, to produce very unequal* 
effects in equal times. 

Forces have likewise been distinguished into two kinds, pres- 
sive and impulsive, or those which act by pressure, and those 
which act by impulsion. The former generate changes in bodies 
by a continued unceasing action, from the beginning to the end 
of the stroke, or fit, of action ; and, consequently, alw^ays con- 
sume time. The latter act either by an instantaneous impulse, 
or by a vsucccssion of those impulses ; but each impulse, indivi- 
dually considered, occupies not the smallest portion of time. It 
is an action that in one moment might be said not to have come 
into existence ; and in the next to have ended. This is the kind 
of force we have now to consider. 

If we take single impulses, it is plain that the forces and the 
changes they produce are proportional, under the same circum- 
stances of action. But if a succession of impulses takes place, 
the effects arc no longer proportional to the forces, but to the 
collected actions of the forces in equal times. When, therefore, 
the forces are equal, the effects arc proportional to the numbers 
of their respective repetitions; and when those forces are 
unequal, but uniformly intense in their actions, the effects are in 
the compound ratio of those numbers and the forces. It is 
lienee manifestly possible for a weak force, by a greater number 
of successive actions, to produce efi’oets ecjual to those of a 
stronger by a less number of actions ; and if the impulses of the 
two forces he at regular intervals, and yet the intervals of the 
slower be not sensible to observation, the effects will always 
have the same ratio, whatever be the length of time in which 
they ure compared. 

These impulses may also be opposed to a pressive force, and 
effect precisely the same things. For let us suppose a liaid 
body to be acted on from a state of quiescence by a continued 
force, such, for instance, as what W'e commonly conceive gravity 
to be, urging it in any direction ; then, after it has been impelled 
forward for any length of time by this force, and has acquired a 
certain momentum, let it be met by another hard body, moving 
uniformly with an equal momentum in the opposite direction ; 
and by our laws of collision, it will receive such a change in its 
motion by the contact as will give it an equal and opposite 
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momentum in the path it has already described. It will, there- 
fore, being acted on still by the soliciting force, retrace this path, 
until, having ascended to the point whence it set out, it has lost 
all its velocity, and begins to descend again as before. As soon 
as it has arrivec^ again to the place where it before was met by 
the other body, let it receive a second equal shock, and again 
it will begin to ascend; and so on as long as we please. Ihus 
it might be continually kept oscillating between these two 
points' by impulses properly regulated. And if the distance 
between the points be diminished, the number of oscillations 
. will be increased, and the intervals betweim the shocks dimi- 
nished, and the body consequently approach nearer to a state of 
apparent refit. 

This is how things will happen when the affected body comes 
in contact with only one other body, and receives the strokes in 
the direction of the track of its centre of gravity. But the same 
would evidently take place, if, instead of one body striking it in 
this identical manner, it were struck by several in different parts 
of its surface, either all at once, or in any order ; the aggregate 
direction and intensity of wliose strokes, however, should be 
/similar to those of the single body under similar circumstances. 
Then might the body acted on by the force remain in a state of 
rest, if not al/solute, at least so nearly so, as to differ from it 
insensibly, Now the tendency of this body to move in the 
direction in which it is solicited is precisely the same thing as 
maiheinaticians understand by the force, which they cull pres- 
sure ; and, therefore, the opposition of the other smaller bodies 
is also equivalent ; and, as to eU'ect, the same as this force of 
pressure. And because the value of this pressure might he 
jncreased or diminished ; by increasing or diminishing the soli- 
citing force, or the pressing body ; so also might the value of the 
lesisting force of the smaller bodies be increased or diminished, 
by increasing or diminishing their momentum, the number of 
their collisions, or the number of the bodies. 

I'rom these considerations it follows, that if a number of 
small bodies be inclosed in any hollow body, and be continually 
impinging on one another, and on the sides of the enclosing 
boay ; and if the motions of the bodies be conserved by an equi- 
valent action in the sides of the containing body, then will these 
Bmail bodies compose a medium, whose elastic force will be like 
that of our air and other gaseous bodies ; for if the bodies be 
exceedingly small, the medium might, like any aeriform body, 
be compressed into a very small space ; and yet, if it had no 
other tendency than what would arise from the internal collision 
of its atoms, it would, if left to itself, extend to the occupation 
of a space of almost indefinite greatiaess. And its temperature 
remaining the same, its elasticity would also be greater when 
occupying a less, and less when occupying a greater space ; for 
in a condensed state the number of atoms striking against a 
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given portion of the containing vessel must be augmented ; and 
the space in which the atoms have to move beiyg less, their 
returns, or periods, must be shorter ; and the number of them, 
in a given time, consequently greater, on both of which accounts 
the elasticity is greater, the greater the condensation. Besides, 
when other things are the same, the elastic force augments with, 
an augmentation of temperature, and diminishes with a diminu- 
tion ; for an increase of temperature, according to our theory, 
must necessarily be attended with an increase of velocity ; and, 
therefore, with an increase in the number of collisions. But 
these things will be more accurately treated of presently. 

Whether all pressive forces be not the same as this gaseous 
action, is a question we do not at present intend to consider. It 
might come under our cognizance hereafter, when we shall have 
had more opportunities of collating our principles with experi- 
ments, In the mean time it is sutiicient to anticipate that our 
inquiries, whatever ])e the possibility of the existence of another 
kind of pressive force, lead us to conclude that nature operates 
by no otlxer. 

It might be asked by what means is it, if the parts of the gases 
are absolut.ely hard, that they are rejected back into the medium 
from the sides of the containing vessel ! This question is easily 
answered, if we allow heat to consist in an intestine motion of 
the parts of the bodies ; for then the parts of a solid, of equal 
temperature with a gas, must have the same quantity, though 
they have not the same freedom ol’ motion as the parts of a gas 
have ; and hence the parts of tlie gas will have the same reflec- 
tion from the sides of the vessel that they have from one another. 

Prop. V I. 

Tlic figure of the vessel, in which a gas is contained, has no 
iiifiuence ou the elastic force of the gas, sucli a constitution of 
things being granted as we have supposed. 

For since the particles of the geis receive their rejection from 
the superficial particles of the containing body ; and since these 
particles have not only their intestine motion, but likewise their 
rigure and arrangement, independent of the superficial figure of 
the containing body, it follows, that the direction of their actiou 
on the particles of the gas is also independent of the figure of the 
body in which they are enclosed. But other things being alike, 
this action is equal to the contrary action of the particles of the 
gas, which* constitutes its elastic force ; therefore, its elastic 
force is not affected by the figure of the body in which it,i» 
contained. 

Cor , — Hence we gather that in any bodies of equal capacity 
and of the same temperature, the same, or an equal portion of 
the same gas, would be equally elastic ; for the motion of the 
particles being independent of the figure of the containing body 
must depend entirely upon the temperature of that body ; and 
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lliis being ihe same, the motion is the same. But the motion, 
quantity of gas, and capacity, being the same, the elasticity must 
be the same. 

Scholitfm, 

This theorem and its cor. agree with the ‘opinion of philoso- 
phers respecting the elasticity ot‘ gaseous bodies, though I am 
not aware that they have ever been made the subject of direct 
experiment, indeed it seems to have been taken for granted 
that wherever the temperatures, spaces occupied, gases, and 
quantities of gas, were the same, the ela&ticitics were the same; 
‘but it would be worth while to be more certain of it. An expe- 
riment to se;jttle this point, taking every circumstance into consi- 
deration, would, perhaps, require us much care and skill as 
almost any of those that have been made on gases. 

Prop. VII. 

If a given j)ortion of a fluid gas, composed of particles 
mutually impinging on one another and the sides of the contain- 
ing body, in the manner that has been described, has its temper- 
ature the same; and if the particles be indefinitely small, its 
elastic force, under different compressions, is reciprocally propor- 
tional to the space it occupies. 

Let us suppose that equal portions of the same gas be enclosed 
in two vessels of unequal capacity. Then, by the last Prop, it 
is immaterial whether these vessels be of the same or of different 
figures ; the difference of figures would have no influence upon 
the ratio of the elasticities ; but, for the sake of simplicity, we 
will suppose the two figures similar. Now because llic only 
change that is supposed lo take place is in the space wliich the 
gas occupies, the motions and collisions of a particle in the one 
will be similar to those of a corresponding particle in the other ; 
and the temperature, that is, in this case, the velocity being the 
same in each, the numbers of revolutions that two corresponding 
particles in the two media make in a given time must be 
inversely proportional to the paths the particles describe; that is, 
these paths being alike and described with equal velocities in 
the inverse subtriplicate ratio of the spaces occupied by the 
equal portions of gases. But because; trie elasticity of a gas is 
proportional to the action of its particles against a given portion 
of the surface of the containing body, the ratio of the elastic 
forces, arising from the repeated actions of equal numbers of cor- 
responding particles in the two media, will likewise, their 
velocities being the same in both media, be inversely as the 
subtriplicate of the spaces occupied. And if we conceive the 
two gases to be divided into strata, parallel to the sides of the 
bodies otr which the elastic forces are measured, and of one, two, 
or any number of particles thick, it is manifest, since the motions 
of the particles are alike in each medium, that if the elasticity 
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in one medium arises from the action of the particles of the first 
stratum alone, so it does also in the other medium ; and if it 
arises from the action of the particles of the two first, three first, 
or n first strata in one medium, the same holds true with the 
elasticity in the other medium. But the number of particles of 
any one stratum that strike against a given portion of the con- 
taining surfacfi of one medium, is to the number of particles of 
the corresponding stratum that strike against an equal and simi- 
lar portion of the other medium, in the duplisubtri plicate ratio of 
the numeratems directly ; that is, in the duplisubtri plicate ratio 
of the spaces occupied by equal portions of the gases inversely. 
Therefore as the whole elastic forces of these corresponding" 
strata are in a ratio compounded of the ratios of the numbers of 
particles that strike against equal portions of the sides of the 
containing bodies, and of the numbers of returns w^hich they 
make to the sides in a given time, that ratio must be equal to 
one compounded of the inverse duplisubtriplicate and of the 
inverse subtriplicate ratios of the spaces occupied by the two 
gases ; it must, therefore, be equal to the simple inverse ratio of 
the spaces occupied. And since the same number of strata 
affects the elasticity of the one gas as of the other ; and since 
the inverse ratio of the spaces is the ratio of the elastic force of 
any two corre.sponding strata, it is consequently the ratio of the 
united elastic forces of all the strata that affect the elasticity ; 
and is, therefore, the ratio of the elastic forces of the two gases. 

Cor. — Because the numeratoms are reciprocally proportional 
to the spaces occupied, it follows that the elasticities are, under 
equal temperatures, directly as the numeratoms. 

Scholl laa. 

We have in the two preceding theorems and their corollaries 
supposed the atoms, or particles, to be perfectly bard ; but the 
same consequences would follow if they were either perfectly or 
imperfectly elastic, and the containing vessel either elastic or 
hard. For the temperature being invariable, the intensity of 
the collisions, and consequently of the reflections, would remain 
the same in a rare as in a denser medium. The law, therefore, 
that the elasticities and compressions are proportional, under 
equal temperatures, is true not only in permanent airs or gases, 
but in all kinds of vapours, which is conformable to experience. 

Piior. YllL 

The same things remaining, the elasticity of a gas under a 
variable temperature and compression, is proportional to its 
numeratom and the square of its temperature conjointly ; or the 
elasticity varies as the square of the temperature directly, and' 
the simple of the space inversely. 

* If we first suppose in two portions of the same gas the nume- 
ratoms to be equal, the elasticities of those portions will have the 
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same ratio as the elasticities arising from the actions of corre- 
sponding pailicles in the two media ; for the change of tempera- 
ture does n(rt alter the manner in which the corresponding 
particles act in the media, but only the intensity ot action. 
This being the case, the^ elasticities due to the actions of corre- 
sponding particles are to one another as, their momenta and the 
number of their revolutions or returns in a given lime; that is, 
as their temperatures and velocities. But the masses of the 
corresponding particles being tlie same, the velocities are as the 
temperatures ; therefore, the elasticities due to corresponding 
particles, and consequently the elasticities of the media, are as 
'the squares of the temperatures. And by the cor. to the preced- 
ing prop, the temperatures being the same, the elasticities are as 
the numeratoms. Whence, if neither the temperatures, nor the 
numeratoms are the same, the elasticities are in a ratio com- 
pounded of the ratio of the numeratoms, and tliat of the squares 
of the temperatures, or, which is the same, in a ratio compounded 
of the inverse ratio of the volumes and the duplicate direct of 
the temperatures. 

Cor, 1. — Hence the elasticities are also in a ratio which is 
equal to that compounded of the simple ratio of tlu) numeratoms, 
and the duplicate of the velocities. 

Cor, 2. — And hence also the elasticities are in a ratio com- 
pounded of these three simple ratios ; namely, the ratio of the 
numeratoms, the ratio of the temperatures, and the ratio of the 
velocities. 

Prop. IX. 

The spaces occupied by equal portions of the same gas, under 
equal elasticities, are directly proportional to the squares of the 
temperatures. 

For by the preceding proposition, the elasticity varies as the 
numeratom and the square of the temperature conjointly ; there- 
fore, the elasticity being constaut, the numeratom is inversely 
as the square of the temperatures. But the quantity of gas 
being the same, the space occupied is reciprocally as the nume- 
ratom; consequently the space, or volume, is directly as the 
square of the temperature. 

Cor, 1 . — Because this is true of any gas, it follows that equal 
volumes of any gases whatever, under equal pressures and tem- 
peratures, will be equally augmented by equal augmentations of 
temperature. 

Cor, 2 , — Or more generally, if the elasticities of any two gases 
have an invariable ratio, and if their temperatures also have am 
invariable ratio, their volumes will have an invariable ratio. 

Cor, 3. — It has been found by MM. Dalton and Gav-Lussac* 
and lately confirmed by the further exjferiments of MM. Dulong 
and Petit, that the volume of a given portion of gas at the tem- 
perature of water freezing is to its volume under an equal pres- 
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sura at the temperature of water boiling as 8 to 11. Therefore, 
granting the truth of our principles, the temperature of ^ater 
freezing is to that of water boiling in the subdupHcate ratio of 
8 to 1 1 ; that is, nearly in the ratio of G to 7 ; or, more nearly, in 
that of 100 to 1 17, or that of 579 to G7il. 

Cor, 4. — Because the temperatures are in the same gas as the 
velocities, the spaces occupied at equal elasticities are as the 
square of the velocities. 

Cor, 5. — It has been demonstrated by the experiments of phi- 
losophers, that the volumes of mercury and air, under the same 
pressure, go on pari passu within certain limits ; namely, from 
about «— 3G of centigrade to nearly loO. There- 
fore, let A B 1)6 a common mercurial thermome- 
ter, of which F is the freezing and B the boiling 
point of water; and let the tube, or a line by the 
side of it, be continued to the point C, so that 
B C : F C :: 11 : 8 ; and let C B be made the 
axis of a parabola, who&e vtulex is C ; then will 
any semiordinate M P, between the limits / 

(— 36) and L (nearly 160), drawn from the sur- 
face M of the mercury, represent the tempera- 
ture of the body in which the thermometer is 
plunged ; and C M the volume, due to the ex- 
pansion of air under the same temperature and a uniform 
pressure. 

From these circumstances it appears, that the measures which 
have been taken by 31 M. Oiilong and Petit, in their late memoir 
on the conimuniciuion (;f heat, are not proportional to the tem- 
peratures, as they imagine, but tu the squares of the temper- 
atures. 

Cor, 6. — Since, if the temperatures are the same, the volumes 
are inversely proportional to the elasticities, it follows that the 
volumes being the same, the squares of the temperatures are as 
the elasticities. Hence, therefore, the same results would be 
obtained by measuring the temperatures by the elasticities, under 
an invariable volume, as by the volumes under an invariable 
compression, which is confonnubie to what MM. Du long and 
Petit say they have found from experiment. This same inference 
I had drawn from theory several years before Dulong and Petit 
had made, or at least had published their experiments ; and upon 
this principle I had contrived a thermometer by means of hydro 
gen and mercury, the description of which I have by me. 

Scholium, 

In the preceding theorems and their corollaries, wehave not con- 
sidered whether the raediabehomogeneousornotjorvvhethertheir 
particles be similar or dissimilar. The theorems are totally inde- 
pendent of all considerations of homogeneity or similarity, and 
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are, therefore, equally applicable to all gases, simple, or com- 
pound, supposing, however, their particles to be indefinitely 
small, or their diameters to have no sensible proportion to the 
lines they describe. 

One of the longest kikown laws of gaseous bodies is, that of 
the volume being reciprocally proportional to the elasticity. 
This law is demonstrated in prop. 7, and is one that I have been 
careful to establish by a clear and explicit ‘proof, as well on 
account of its own importance, as of its being the foundation of 
most of my other deductions on the properties of gaseous bodies. 
I have, however, shown, in the scholium to prop. 7, that the 
same law would result from the supposition of the particles being 
either perfectly or imperfectly elastic. But though this is true 
in the present instance, it is not so universally. For if we sup- 
pose a medium to be composed of elastic particles, and to be 
kept in a gaseous state by the actions of its particles on one 
another, and on the particles of the containing body ; and if we 
also suppose the temperature to be equal to the momenta 
which these gaseous particles impress on the particles of the 
other bodies, then we find that, in order to preserve the temper- 
ature of the containing body, the gaseous particles must have 
such motions as will repel tne particles of the containing body, 
with momenta equal to the momenta which t'ficy had previous 
to the contact. But to do this, the particles of' the gas, if they 
and the particles of the containing body are unequal, will have 
different motions before and after the collision, whicli is 
evidently absurd. And if the gas should be transferred into a 
different body, whose particles are larger or smaller than the 
particles of the other body, the temperatiu-e and elasticity of the 
gas will be changed, though Iroth tlie capacity and temperature 
of the two containing bodies should be the s«auie. Besides, the 
temperatures of the gas and of the containing bodies would never 
be the same, if their particles were unequat. Nor could a gas, 
constituted of elastic particles, follow the laws of either of the 
other propositions. 

If any method were known of experimentally detormining the 
ratio of the temperatures of two bodies, wc might easily devise 
ways enough of putting our theory to the test of observation ; but 
since this is not the case, independent of theorems drawn from 
our principles, w'c are obliged to search for such consequences 
as are not under the controul of the ratio, or of tlie quantity of 
temperature. The inference drawn in the first cor. to prop. 9 is 
precisely of this kind, and presents us wutli a law that is easily 
examined by experiment. Indeed this law w^as discovered 
several years ago by MM, Dalton and Gay-Lussac, and has 
been established by many experiment^. It is one of the most 
important laws, relative to the expansion and contraction of 
gaseous bodies, that has yet been discovered ; and affords not 
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a»ly a striking instance of the coincidence of our theory of the 
constitution of gases with phienomena, but also a fine corrobora- 
tion of our theory of collision. • 

In cor. 2, I have generalized this law, by which means we 
have an opportunity of comparing the theory with phaenomena 
on a more extensive and varied scale. iPor if we suppress the 
ratio of the temperatures, by making it the ratio of equality, this 
cor. will, in a variety of ways, become comparable with obser- 
vation. By taking portions of any two gases, and measuring 
their elasticities and volumes at any common temperature, we 
ought by this cor. to find, that if we raise or diminish the tem- 
peratures equally, and make the ratios of the first and second 
volumes equal, the ratios of the first and second elasticities ought 
to be equal. Again, if the two temperatures be equal, and we 
any how change the temperature, elasticity, and volume of one 
of the gases ; and if we make the second elasticities and volumes 
to hold respectively the same ratios as the first ; then ought the 
second temperature of the one gas to be equal to the second 
temperature of the other. 

Prop. X. 

If the ratio of the elasticities of any two gases be that of e to 
1, the ratio of their volumes that of to 1, and of their tempera- 
tures that of ^ to 1 ; and if the elasticities, volumes, and tem- 
peratures of these gases be any how varied, so that the ratios of 
the second elasticities, volumes, and temperatures, be respectively 
those of c, to 1, Vi to 1, and to 1 then will the ratio of Ci to 1 
be equal to that of e t^''v to f- 

For let us call F, V the first volumes ; £, E the first elastici- 
ties ; and T, T the first temperatures of the gases ; and let F,, Vj 
in like manner denote their second volumes : Ej, Ei their second 
elasticities; and 2\, Ti their second temperatures. Then by 
hypothesis, we have 

F : V :: u : 1 and V, ; V‘ v, : 1 

£ : E :: e : 1 JE. : E^ :: e, : 1 

T :T::t :l 1\ : T. ^ : 1 

But by prop. 8, 

E, : E :: F : F^, and 

E : E, :: T* V, : T,"- V, and 
E :E ::e ' : 1. 

Tliercfore compounding these ratios, we shall get JEi : Ei or 
: 1 :: F Vi c : T,® F^ V ; and consequently Ci : 1 :: 

et^^v: t-Vi. 

Cor. 1. — From this theorem it appears, that if the ratio of the 
first temperatures be a ratio of equality ; and if the same be the 
ca^e with the ratio of the second temperatures, no matter what 
be the ratio of the first and second temperatures ; and’if th^ 
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same hold good with the ratios of the first and second volumes, 
then will the ratio of •tht first elasticities be equal to that of the 
second. That is, the volumes, and temperatures of two gases 
always preserving ratios of equality, however much these volumes 
and tempei-atures may vary, the elasticities will maintain a given 
ratio. This is precisely what follows from cor. 2 to the preced- 


ing prop. 

Cor, 2. — Supposing the same things to hold good, respecting 


the temperatures, the theorem becomes 


U : 1 J 


is,* the ratio of the second volumes is equal to the ratio com- 
pounded of these three ratios ; namely, the direct ratio of the 
first elasticities, the inverse of the second, and the direct of the 
first volumes. 


N.. B, The same things will also hold good in both these 
corollaries, if the two ratios of temperatures, instead of being 
ratios of equality, are equal. 

Cor. 3. — In the construction of Mr. Leslie’s differential ther- 


mometer, it is supposed, when the two balls are of equal temper- 
atures, that the elasticities and volumes are also equal. Therefore 

in this case, e, 1, and r, are each unity, and : 1 I j 


which, because the alteration in volume is but trifling, is nearly 
equal to n/ c, : 1 . Hence, if we know the ratios of the second 
volumes and elasticities, we also know the ratio of the second 


temperatures ; or if we know only the ratio of the second elasti- 
cities, this ratio of the second temperatures is nearly ascertained ; 
and, therefore, one of the second temperatures being known, the 
other, and the difference of the two, become known. But the 


ratio of the volumes is easily ascertained, by admeasurements 
previous to the making of the instrument ; and the difference in 
the elastic forces is determined by the difi'erence in the altitudes 
of the fluid in the two legs, from which and by keeping one of 
the legs at a certain temperature, and by having measured the 
elastic force of the gas at that temperature, before the finishing 
of the instrument, we shall be enabled to obtain the difference 


and ratio of the two elasticities, and thence the temperature of 
the gas in the other leg. 

I have for want of time but just mentioned this ingenious and 
useful little instrument, whose theory is contained in the preced- 
ing prop, but he that wishes to be fully acquainted with its 
merits and the variety of purposes to which it is applicable, may 
consult Mr. Leslie’s Essay on Heat and Moisture, published a 
few y^ars since. 



Scholium. 


^ ;It has in cor. 6 to prop. 8 been remarked that the augmen- 
tations of volume in mercury and any gas have so nearly a given 
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pr^ortioq, between certain temperatures, that scarcely any 
difierence can be observed- With this^fact, therefore, it will be 
no difficult matter to examine the preceding theorem by direct 
experiment, in a more general way than we have yet supposed ; 
for all the other ratios might be easily determined by methods 
already known, and the temperatures might be measured between 
the limits alluded to by a common mercurial thermometer, either 
in the way that is pointed out in cor. 5, prop. 8, or by dividing 
the thermometer into equal par^ letting the freezing point stand 
at 80^ and the boiling at 1 10° ; in which case the divisions would 
indicate the squares of the temperatures. Thus all the ratios 
might be obtained by experiment independently of each other ; 
consequently, by combining any of them according to the 
theory, we shall be able to see whether the result agrees with 
that given by experiment. 

Having now demonstrated, as they flow from our principles, 
some of the chief properties of gaseous bodies, after the manner of 
mathematicians, ancf in a way that I hope will satisfy the Royal 
Society, both of the legitimacy and simplicity of those principles, 
I shall throw some other things, which it appears necessary 
to add, into a general scholium. 

{To be continual,') 


Article IV. 

A Memoir on the Physiolo^t/ of the Egg, read before the Linnean 
Society of London, on March 21, 1809; an Abstract of which 
is published in the Societifs Transactions, By John Ayrton 
Paris, MD. &c. &c. 

[Having accidentally seen Dr. Paris’s paper on the Physio- 
logy of the Egg, which had been printed, about 10 years 
since, for private circulation, it appeared to me to contain so 
much curious matter that I was desirous of inserting it in the 
Annuls, Dr. Paris has not only kindly consented to my request, 
but has added several new and interesting particulars to his ori- 
ginal memoir. — EditJ\ 

At certe Natura, si fieri potuisset, maxime optasset suum opificinmesseimmortale; 
quod cum per materiam non Hccret, subsidium quod potuit ipsi ad immortalita- 
tem est fabricata, nam mirabileni quandam rationcm invemt, quomodo in denior- 
tui animalis locum, novum aliud sufficiat .” — GaUni de Usu Partium* 

The extensive range which the Ovipari form in the scale of 
animated existence rendets the organization and developement 
of the egg a subject of great and general interest to the natural- 
ist ; while the hope of ascending to the source of vitality, by 
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contemplating life at a period when the number and complica- 
tion of its functions are the least, becomes an irresistible induce- 
ment to the physiologist to pursue the investigation : hence wo 
find that the philosophers of every age and nation have devoted 
much time and labour to this inquiry. Unfortunately, however, 
for science, the influence of chemical powers in the scheme of 
animal life has only of late been investig’ated in reference to the 
problem ; but many beneficial results have already attended this 
new train of research, and the most exhausted topics of natural 
history have assumed novel and very unexpected aspects. The 
author, therefore, of the present memoir may reasonably hope to 
■ escape the censure which must otherwise have awaited the 
itdventurer who could presume to beat the field that has before 
been so ably and diligently explored by the united labours of 
Fabricius ab Aqua pendente, Harvey, Malpighi, Spallanzani, 
Hunter, and other physiologists. A powerful phalanx of philoso- 
phers maintain, with much plausibility, that the egg’*^ is the 
universal womb of nature, and that oviparous differ only from 
viviparous animals by the latter breaking their ovular bondage f 
before they escape from the parent. Concerning the truth of 
this opinion, which is comprehended in the popular aphorism, 
Omnia ex Ovof or with regard to the success with which the 
eloquent Count de Buffbn has levelled his shafts against the 
partisans of this theory, I shall leave abler disputants to decide. 
The observations which I am prepared to submit to your notice 
do not involve the truth of either theoiy, but are connected only 
with those animals that are oviparous, in the common accepta- 
tion of the term ; tJiat is, who deposit a germ to be developed by 
causes totally independent of parental influence. 

Among the countless multitudes and varieties of animals, a 
very small proportion only are viviparous, or produce living off- 
spring : thus the immense tribes of birds, fishes, amphibious 
animals, and insects, with comparatively few exceptions, J pro- 

• SoG. — The word Ovum seems to be derived from the Greek word Ohv, soiita^ 
Hum, because it produces only one ofiPspring; thus Fabricius quia pariai, 

non enim vduti cseteri uteri intra se plures gignunt fietus.” That each egg should 
include but one cmbiyon seems to be a general law of nature, but not without Its exeep* 
dons ; a singular species of egg was found by Mr. Folks, President of the A^al 
Society, in the mud of a rivqlet, which equalled in size a pin's head. By breaking 
he dislodged nine worms, ^ of whidi were contained within one involucrunu 

f The system of the ovarists has been adopted by Harvey, Steno, Malpighi, Valis., 
ni^ Duhamel, Nuck, Littre, Swammerdsm, UaUer, S^anzani, Bo^et, &c. It 
must not be forgotten that there are some animals that cannot be called ovipar^s in 
whatever signification the term may be received; the hydra, for instance, multiplies its 
by sending off shoots {corn its own body, and may, therefore, be said to be gem^ 
miparmt, 

$ Some tish are viviparous, e. g. Murasna Anguilla, or eel, BlennUu Viviparua, &c. 
Anwng the amphibia we may notice the viper, which brings forth its youM alive, and 
henoe probably derives its name, quod vivum parkt, Spallanzani eonsijiBn also the 
prodnote of fiogs as being rather of a viviparous than oviparous nature ; tiiis nidi«i 
vmt}, howeveTi of the future nnhaud certainly partakes as mueb of the aature 
as of a f«tus» and nuiy probably be consid^ as a connecting Unk between the two 
great da^ Insects Hkewise present us with exceptions, and several wbiintical varie- 
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pagate tlieir species by the intervention of the egg, nor is such a * 
mode of generation either accidental in its occurrence, or unim^ 
portant in its operation; had the winged inhabitants of th^ air 
been vivipttrotjs, the burden of gestation would have impeded 
the action of their wings, and have so far increased their gravity 
as to have rendered them incapable of the exertion of flight : 
the rigid and unpiiant coverings of crustaceous animals would 
have opposed the expansion necessary for the developement of 
a foetus ; and it is evident from the structure and habits of the 
tribe of serpents, that if they had been viviparous, their offspring 
must have suffered materially from the tortuous flexions, and 
friction necessarily attendant upon their progressive motions; 
and, lastly, the multiparous* nature of insects and fishes at once 
convinces how improvident it would have been to engender them 
by any other mode than that which nature employs. 

The eggs of the ovipari admit of an evident division into two 
classes, which I shall denominate, 1 . The Perfect ; and 2. The 
Imperfect, The former, which are deposited by the avesy and 
some genera of amphibia, are completely covered by a hard shelly 
or membrane, and receive no additions after their exclusion; 
while the latter are deposited by most pisces, and in general 
constitute a soft mass (Jlavago), not being protected by any 
external involucre. The observations contained in this memoir 
relate more particularly to the egg of birds : their history, how- 
ever, comprises whatever is interesting or important in the germs 
of inferior animals. 

In order that I may be better able to form a |ystematic rela- 
tion of those new facts and opinions which I wish to submit to 

ties; the aphides lay eggs at the end of autumn, when the young produced from them 
in the spring are viviparous during tlie whole summer ! The cocci hatch their eggs before 
their exclusion, and the young force their way through the abdomen of their mother. 
The onisci carry their eggs in a particular reccptable, feom wliidi, in process of time, 
the young make their escape. The hippobosca brings forth neither eggs, nor larva?, but 
those already gone into the pupa state ! The lacerta salamandra brings forth youngs 
complete in every part, but suil enclosed in an egg. 

* Reaumur ascertained that a single queen bee had laid in the months of March and 
April 12,000 eggs; and Lewenhocck found that the vmisca carnaria deposited 144 
eggs, from which, in one month, were produced as many flies ; so that supposing one- 
half of these to be females, there would be in the third montli 746,406 flics. The amaz-s 
ing fertility of flsh may be illustrated by the gadus morhuuy the cod flsh, which will 
deposit amonglhe rocks 9,000,000, or 10,000,000 of eggs ; and again, Xk^pcrcafluvia* 
tilts produces in April and May not le^ than 300,000 ova ! Dr. Raster says ^at he 
counted 12,144 eggs under the tail of a female lobster, besides those that remained in 
the ovarium unprotruded. 1 have frequently examined the ova of the lobster, and 
there is one drcumstance that, perhaps, deserves notice ; each ovum upon examination 
will be found to be hexagonal in its form. If we were inclined to be eager on the sub- 
ject of final causes, we might at once conclude that this form was the one adopted, as 
aflbrding facility of packing the greatest number in the least possible space, and we 
might adduce die structure of the honeyoomh as an illustration: the fact, however, is 
simply tlds; - that die ova, like all yield^g bodies, assume the mlyangular foim, 
the mutual pretonre i«4iieh eiieh sustains nom ks nekbbour. Evew person must have 
o^rved the heiEi^ieii^ bubbles upon the surface or porter and other lifoors, dnot, m 
similar cause. • ' 

New Series, vou i, z 
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your notice, I shall briefly relate the successive operations by 
which the e^g is formedln the body of the animal ; the necessity 
of more minute detail is superseded by the valuable descriptions 
of Harvey and Malpighi, 

Tlie rudiments of the omm are first visible in the ovariuniy 
which, in fact, is nothing but a congeries of vitelK,* or yelks, 
attached to the spine by a proper membrane ; this repository is 
denominated by Fabficius, the vitellarium, or viteKorum racemus, 
and may be considered as analogous to the ovarium of the mam- 
malia, or to the roe of fishes. These vitelli generally vary in 
jjrogression from the size of a millet seed to that of an acorn ; 
each of which, according to its maturity, is successively 
detached*from the rest, whence it descends a tube, called, from 
its resemblance to a funnel, inf ttndihulum^ and arrives at the 
vtems, the internal surface of which is extended by spiral con- 
volutions ; here the albuminous fluids are secreted, and trans- 
mitted to the vitellus during its passage to the fundus uteriy or 
chacuy where it receives its last addition, the external crust, or 
shell. 

The egg thus formed and completed possesses every essential 
for its subsequent maturation, and requires only the emphatical 
energy of heat for the developement of its embryon ; this is con- 
veyed through different media in the different classes of animals. 
In birds it is applied by incubation, + ^t in the amphibia and 
other animals, the heat of whose bodies is inconsiderable and 
inefficient, the eggs are deposited in mud or sand, or are 
exposed to the rays of the sun, by whose prolific influence 
myriads of beiif^s are daily called into life and activity ; or they 
are placed in other favourable situations, all of which are too 
well known to the disciple of Linnaeus to require any particular 
notice. It is, however, worthy of remark, that the medium 
through which heat is applied is suitably varied in the same 
species in different climates. In Senegal, for instance, the 
ostrich abandons her eggs to be hatched by the burning sands, 
while in the more temperate and congenial regions of the Cape 
of Good Hope, like other birds, she is inclined to incubation. 

The different species of rcstrus will afford us an illustration of 
the variety of situations in which the insect tribe deposit their 
ova; in which they are universally directed by an instinct to 
ensure a suitable temperature, and appropriate nutriment for the 
young brood ; thus the estrus h&morrhoidalu d^osits them in 
the rectum of the horse, and the M. ovis in tlie frontal sinus of 
isheep, &c. 

r'* derived ^ b^atMe it oontMtig the embryon. 

^ There are bImo other anxmah that aoederate the evolution of thehr Sva hf ineabe* 
tloa. Thua been in a hive generite a conaideilkhle quantity of beat iHihoiil vimdi aide 
eggs wenUd periith $ and the fissttido mydaiy or common ttutle, deposits W e^ m the 
md, and incubates during the n%ht. 
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The parts of which the perfect egg consists are : 1. Viteflus, 
or yelk, with its capsule oxiAcicatricula; 2. Albumina, with their 
proper membranes ; 3. ChalazcB; 4. FoUiculm aeris ; 6. Com- 
mon membranes; 6. Exterior inmlucrum^ or shell; to each of 
which I shall successively direct my attention. 

The vkelluSf or yelk, is the part formed in vitellario, and is a 
yellow fluid contained in a membranous ^apsule, on which a 
greyish-white circular disk is discernible this is named cicatrix 
culUf and is the speck of entity, the germ that is to be developed 
into the animal. In hujus gratiamf says Malpighi, reliqua 
cmnproductavidentur.^* We have here then arrived at the ear- 
liest stage in which we can detect the existence of the pmbryon. 
Our imperfect faculties will not enable us to ascend farther, and 
yet, even now, the body is formed as the experiments and obser- 
vations ofMalpighiand BulFon most satisfactorily testify. The yelk 
is surrounded by a more tenacious fluid, of a light-straw colour, to 
which the name albumen, or more commonly the white, has been 
assigned ; this may easily be divided into two separate and dis- 
tinct portions, each of which is contained in a concentric 
membrane. They differ from each other considerably in specific 
gravity, and seem to answer different purposes in tue economy 
of the egg : the consistence of that which is exterior is^/ar less 
than the one which immediately envelops the yelk, ana is con- 
sumed in the earlier periods of incubation ; f while the internal 
and more viscid albumen seems reserved for the latter stages, 
when the chick must require a greater proportion of generative 
matter than at any other period of its evolution. ^ 

Many of the' ancient philosophers imagined that the chick was 
formed out of the yelk, and that the white afforded nutriment. 
Such a theory, however, must be at once abandoned, when it is 
known that the vitellus suffers no other change by incubation 
than a degree of liquefaction, and that it is drawn up into the 
small intestines of the animal,:{: by means of an appropriate dnct§ 
{ductis stenonis) just before its exclusion. It is then evident that 

• Fabridus supposed it to be a vestige of the ruptured pcduneulut, ex that 
of mcmbraiae by whidi eachyetk is connected to the vitellarium; and ^mUius F^ufiaa* 
HUS contends wat it is the semen of the nude. 

f is a eonsidemblediiiatenoe disoove^^ in the milk of ma m ndfewmsanimais 
at dilibrent periods subsequent to parturitkm. Fourccoy a s ce rt a i iied that it » most 
i^igod vith ealcateous phM^hates Immediately after parturition, and fbu tfao prbpox- 
rion of them rad^ dly finishes. 

t The vitms a]|n»eam to be consumed die fixst 10 dayi;ifler Ibo anted kl 
batriied. — ^Monvo. ; , 

S Mr. Macartney observes, that the duct hy which the ydUk oommunicateii wllfa the 
s intestine of the does not become entnriy obliterated, imt leaves a small sac, whi^ 

renute during te life of rile lalbe teps^te iqmcitdigolsof wnriiiltelll 

and on examining its internal struc^ise, vre ditSl dnd teikli baqd unllttliMi 
of viUetu cool, baa numevout oc peojeetea, uridrii 

possesses a iteMur axldbifitig a cutioiis oiam]de of Ibo 

m adapting an organ of fcetal litb to the exercise :0f a|paitel|r4teMi9W 
grown bird, ■ J , • . 

z 2 
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Ibe albuminous poFtions * fmnish materials for its evolution, 
while the ^^vitellm is designed to administer support, until its 
digestive oi^ans can sain sufficient powers to perform their 
ibnctions, and the beat a degree of firmness adequate to with- 
stand the hardness of its natural food. Ipsum animal f says 
Pliny, ex aJbo liijuore ovt corporaiur^ cibus ejiis in luteo est.” 
The aibumina, however, besides the office thus assigned to, them, 
discharge another important duty, that of retaining by their 
non-conducting powers the vital temperature of the cicatricula 
Ihe vitelliis also would seem to answer some other purpose, or 
why should it be necessary to those birds f whose parents so 
sedulous^ly supply them with nourishment 1 

At each end of the egg, a white, shining, semipellucid body 
ia inserted into the capsule of the yelk, which extends into the 
4 ilbitmvn in which it floats. These bodies, from their supposed 
resemblance to hail, have gained the name of chalam, or gran- 
dines, and, from having been formerly regarded as the sperm of 
the male bird, that of treddles, Bellini J supposes that tney are 
composed of numerous canals, which open into the amnios, or 
idcuir}cula,e.n6. send out their roots into the tohiteiovXhe purpose 
of forming a communication between them. Dr. Monro, § how- 
ever, ^bserves, that if fhey be canals, they cannot have the 
least communication with the cavity in which the chick resides 
at any time, or in any state of the egg, otherwise than as tliey 
are both adhering to the membrane of the vitellus, upon which, 
or within which, no particular fibres, no canals, are stretched to 
the cicatricula,” The chalazcrf says Harvey, ^‘ appear to be 
the poles of the microcosm, and serve to connect the different 
parts of the egg, and to retain them in their due position. In 
addition to such an office, Derham ingeniously conjectures 
that, as they divide the yelk into two distinct and unequal 
hemispheres, they must preserve the cicatricula (let the position 
of the egg be what it may) in the same situation ; for since the 
ckalazic are specifically lighter- than tlie white, the yelk is kept 
buoyant, and the cicatricula, as it resides in the smaller hemi- 
sphere, will be always uppermost : this, in my opinion, is the 
ti'uc' theory of the use of the chalazm; for such a structure will 
not only preserve the cicatricula from the dangers of concussion', 
but by regulating its distance from the source of heat, it will 
ensure for it a more completely uniform temperature than could 
otherwise happen, and which is so e^sentijal to the evolatihn df 

* T}>e ingenioug «j(pminetits of Mr. HatdieU wem to «how thlU 
pwt auid from Wteh other mmad priatAito muy be denwd-j! he 
'ihetit wae converdble into gelaiine ana Jihrhie* 

Figeoaa, for example, arhfMe crops John Hunter aeoertiufiid to eeewfee 

- iM hMedUtig seai!^ ^ ^e eufrtenanee ^^0^ 

^ ^ Bel!iw4eMw t>oedis. piop*ix. . ; , , . 

§ Monro. 3ee his works |>ub3ished by his son, Edin. 1781. 
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the animah that the smallest irregularity overthrows the nice 
balance of the different actiotis that are to mature it, and producee 
fatal effects. So solicitous, therefore, was Nature to 'rescue 
germ from the consequences of cold, that she has ordained other 
provisions, which seem as effective as tlie cJtala^^L’y for the ])res8r- 
vation of a due temperature. Tims is tlie civatrkuia on all sides 
surrounded by fluids which are extremely feeble conductors of 
heat ; these must necessarily retard the escape of caloric, and 
prevent the otherwise destructive chills which the occasional 
absence of the parent might induce. The eggs of other aniniak 
appear to be protected by an analogous apparatus. Thus the 
ova of frogs, and some other amphibia, are enveloped in spheres 
of mucilage, which the experiments of Spallanzani show to be 
essential, as he found that when this gluten was removed, the 
egg immediately perished.’^ It is certainly true that those fishes 
who retain their vitality long after their removal from the water, 
as eel and tench, have the power of secreting a slimy fluid, 
with which they envelope their bodies ; while, on the contrary, 
those who, when drawn on shore, quickly die, as, for instance, 
mackerel, possess no such faculty, or, at least, only in a small 
degree. Is it not, therefore, extremely probable, that this albu- 
minous matter, by repressing evaporation, and preventing, like 
the fluids of the egg, the escape of heat by its nonconducting 
nature, is the principal cause of* this peculiar tenacity of life; 
perhaps a prodigious accumulation of fat may also, under cer- 
tain circumstances, have a share in producing this effect ; the 
siluvKS glanis, which is the fattest of ail fresh water fishes, for it 
grows to the weight of 300 lb. lives very long after being taken 
out of the water. 

Besides fishes, there are other animals who prof ect themselves 
from an excess of heat, or cold, by ejecting fluids from the surf- 
face of their bodies. The common snail is indebted to its profu- 
sion of slime for its power of resisting cold. The fable of the 
salamatider being indestructible by fire, owes its origin to the 
faculty which this animal possesses of discharging from the 
numerous pores which are scattered over the surface of its, body, 
a milky fltud, by which it defends itself for a short time agsiinst 
the fury of the flames. There is an account in the PhiL Tians. 
of a knight, at Itomc, who cast a salamander in . the fire^ whiebit 
put out twice, and lived nine months afterwards ! 

The hen bird seems instinctively conscious of ^ misoiticf 
tliat would accrue from an irregaki^ or diminishad 
She is .often seen to make use of her bill to push to the Outer 
part of the nest those egg^ that were nearei;| .^e 
^ * Eig into the middle as lay neaiest the.sidee. The 

moM abuimnt and viscid in frogs and toada^ltai it '«• ii| liiitwujfciidi ' > * . , 
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ttans, however, by a nice adjustment of their ovens, or mamah*^ as 
they are called, succeed in hatching a great proportion of the 
eggs entrusted to their care by artificial heat. The celebrated 
Reaumur introduced the method into France; and Sir James 
Hall invented a regulating stove by which an equable tempera* 
tare might be easily procured for the same purpose. During the 
period that 1 was at college, the late Sir busick Harwood, the 
ingenious Professor of Anatomy in the University of Cambridge, 
frequently attempted todevelope the egg by the heat of his hot- 
bed; but he only raised monsters, a result which he attributed 
to the unsteady application of heat.+ It must, however, be 
.observed, that deviations from the correct temperature are inju- 
rious and. fatal only in proportion to the grade of vital energy 
which the ovular embryon possesses. Thus we learn, from the 
experiments of Spallanzani, J that the eggs of insects are better 
able to sustain the vicissitudes of temperature than those induced 
with more exalted vitality. Thus it is that the eggs of cold- 
blooded animals bear with impunity such an increase or decrease 
of temperature as is sufficient to destroy the animals themselves ; 
for Spallanzani found tadpoles and frogs perished at 110°, but 
their eggs only at 133°. 

If we pursue this inquiry, and quitting the animal kingdom 
descend into the scale of vegetable existence, where the energies 
of vitality are still more feeble and obscure, we shall find tha 
same relative power of sustaining heat or cold between the plant 
and the seed, as 1 have stated to exist between the animal and 
its egg. 

With respect to the relative destructive influence of vicissi- 
tude of temperature upon the egg of birds in different stages of 
developement, it would appear, from the interesting experiments 
of Reaumur, that it is more destructive in the earlier stages of 
incubation, especially diminution of temperature, but that 
increased heat is more injurious in the advanced states of deve- 
iopement. 

After having related the agencies of heat and cold, I may 
mention that light has also been found by Michelotti,§ of Turin, 

* The inhabitants of fhe single village Benue, situated in the Ddta, about 20 
leagues from Cairo, among whom this art is alone practised, give life by means o( their 
mamals to two-thirds of the eggs entrusted to their care, amounting in one season, whidi 
ermtinues but for six months, to the astemishing sum total of 92,0u0,000, Oonieille le 
iBrayn, tom. ii. has collected the observations of many t^veUers on this subje^ Father 
Sidiard also g^ves us an interesting account of the same art ; and Reaumur has pub* 
lished a very complete work, illustrated with numerous engravings. 

-j* The ancients were acquainted with the posubility of hatdiSng eggs sliidoudiy. 
Pliny (lib. x . cap. 55) says, that laid upon beds of straw in a warm place, and 
nfbex hehig r^larly turned from time to dme, would, at the period, oisckHie the 
lauded animal. Pliny moreover states, that Idviahatdied a efaiekenby tl^ wannth oT 
Imt boaom* Gesner and Aldrovandus have oollectcd the passwes of the ancients, and 
those af the authon of their own t|me, that mention the metned ofhatchbigaiffl by dung. 

i fiprilaaiaam* Tracu on the Nature of Animals and Vegetablea. 

Jotunal da Phytique, Ventese, An. ix* 
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to exeit a decided influence on the ova of animals ; ho placed 
the eggs of different species of phalaria: in transparent and 
opaque jars, when he uniformly found that those in the black jars 
were first hatched ; he, therefore, cencludes that light is preja- 
dicial to the developement of the egg: thus we And, says ne, 
that the eggs of many birds are furnished with an opaque shelU 
as those of birds, and that if it be delicate, the parent deposits, 
them in dark and concealed places.” Before any conclusion can 
be legitimately deduced from the experiments of Michelotti, it 
ought to be shown that the temperature in both jars was the 
same ; for unless this were established by actual experiment, 
we might be inclined to draw an opposite inference from the 
different radiating powers of black and white surfaces# 

{To he continued.') 


Article V. 

0« the Expansion of the Functions f (x), f (x, y),f (*r, y, z), Sfc. 
By Mr. James Adams. 

(To the Editor of the Annals of Philosophy,) 

SIR, SionchoMC, near Plymouth, March 5, 1821. 

The usual method of expanding the functions /‘(r), y (x, y), 
/ (r, ?/, z),/ (x,y, z, v), &c. being from their nature very trouble- 
some, I beg to recommend the following, which, I trust, will be 
found more convenient and expeditious ; the insertion of which 
in the Anna/s of Philosophy will oblige, Sir, 

Your humble servant, 

James Adams. 


Problem 1. — It is required to develope f (a), or any functioit 
of X. 

Let/ (x) sss « ; then place the symbols d, rf*, d^, succes- 
sively before the character u ; likewise the symbols d and A 
successively before the assumed series x + x* 4- &c. 

together with the corresponding numerical coeflBicients in 
folfowing manner ; - 


d u 

Udi 


Ax + — A jr* + 1 - + 8ce.W4dh»U*cn 


. . . 44 ^ 

h»ve/<» + A-*) iw u+-^.-A +,tT¥I^ 

A ** + Suj. 
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•3^ ‘(* ‘*)/‘W/ moffsmg ^If/o-uoUuvdxg; ['xggi 
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Hence we obtain + Aar, y-f- Av, af4-A2:)=:«4'A 
+ B + C + D + &c. 

In like manner, we may expand tlie function f (x, y, z, v), for 
the several combinations of the variables abstracting the numeral 
coefficients are as follow : 


(j:4‘y4-»-ft?)=jr + y-T-a;-hv 

(ar 4- .y + + v)- = -f x\/ + xz + -\r xv yz 4- a:® 4-yv 

+ a; ^ 4- V® 

(r + ^ + * + ^0* = 4- a: y® 4- a[r a;® 4“ ar i?* 4“ y ‘ 4- y ar® 4- 

y a;® 4- y v® 4- 4- &c. to 20 terms. 

+ y 4- 4- v)* S5S ar** 4- ar y^ 4- ar 4- a; 4- y* 4- y 4- 

y 2 ^ 4- y 4- 4- &c. to 35 terms. 

^c. ‘. 


By prefixing the symbols A, d^, 8cc. before the variables, 
x,y, a;, r, and t/, as in the preceding problems, we readily obtain 
the expansion ofJ\x, y, z, v), and so on for a greater number of 
variables. 

In the foregoing expansions, it will be observed that the index 
of the symbol d placed before u is equal to the sum of the indices 
in the several combinations of the variables, the symbols d and 
A are simply placed before the variables and their powers, and 
the numeral coefficients in tlie denominators are also governed 
by the indices of the variables. Thus the differential coefficient 


+ 3+4 n (]9 H 


of X® y'’ win be found to be r; — o « ^ ^ ^ . 

^ (I . 2> (I . 2 . 3) (I . 2 . 4) d .r« . d . d 

and the differential coefficient of x"* y" or of «, will be 

<1 . 8.:. U - : 8 ^ ^ y. . 


three variables, which may be extended at pleasure. — (See 
Woodhouse’s Analytical Calculations, p. 86. 

The differential of a function being the second term of its 
developement, or that part of the expansion of a function which 
contains the first powers only of the increments d x, dy, d z, 
&c. It will be perceived that the differential of f (x) consists of 
one terra of f (x, y ) of two terms, of f (x, y , z) of three terms, 
&c. Therefore by changing A x into d x^Cxy into d y, x into 
d z, &c. we have 


^ y)'=du 


df{x,y, *) as d « = ^ a; + d y + ^ d*, &c. 
^ d X, ^ d y, 8tc. are called partial differentials, and 

d It d ft d it 'iia_ 

Tm* dy* called differential coefficients. 
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Article VI. * 

Observations on Dr, Front* s Estimate of Mortality from the 
Operation of Lithotomy, By John Yelfoly, MD. FRS. &c. 

(To the Editor of the Annals of Fhilosophy,) 

DEAR SIR, Carrovf Ahbey, Norwich, March 30, 1821, 

I BEG to notice, through the Annals of Fhilosophy, an inac- 
curacy into which Dr. Prout has inadvertently fallen, in thfe 
statement which he has given, in his valuable , work on the 
Diseases of the Urine,* of the mortality occurring in the opera- 
tion of lithotomy, in the Norfolk and l^orwich Hospital ; and in 
the deduction which he has made, as to the mean ratio of morta- 
lity from that operation, over the whole kingdom. 

Dr. Prout quotes Dr. MarcePs published account of the cases 
which occuiTed in the Norfolk and Norwich Hospital up to 
1 816,t and infers, that as the mortality which took place in indi- 
viduals below puberty, was 1 in 18, while that in adults, was 1 in 
4^, the mortality of the whole must be 1 in 1 1|-, or the mean 
between the two proportions. 

It is obvious, however, that this calculation could only be 
correct, if the number of deaths at those two respective periods 
were ecjual ; but as this is not the case, the mean ratio can only 
be obtained, by dividing the whole number of cases, by the whole 
number of deaths, which Dr. Marcet does, and thus gives the 
mortality as I in 7^., the deaths being 70 in 606 cases. 

Taking this as the accurate proportion of deaths in the Norfolk 
and Norwich Hospital, up to the year 1816, (which, from my 
own inspection I can state to be the case,) the proportional mor- 
tality, from the operation of lithotomy in the whole kingdom, as 
inferred by Dr. rrout, from the mean of that in the Bristol, 
Leeds, and Norwich Hospitals, will be about 1 in 64 -, instead of 
1 in which he states it to be. 

I remain, dear Sir, yours sincerely, 

J. Yelloly. 


♦ Page 218. 


f Marcet o& Calculeuii Disordera, p. 28. 
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• ANNUAL RESULTS. 

Barometer. 

’ Inches. 

Greatest pressure of the atmosphere, Jan. 9. Wind E. . 30’72 
Least pressure of the atmosphere, Oct. 22. Wind W. . . 28*40 

Mean range of the mercury 2*32 

Annual mean pressure of the atmosphere 29*873 

Mean pressure for 180 days, with tne moon in S. decli- 
nation 29*897 

Mean pressure for 186 days, with the moon in N. dech- 

nation 29*849 

Annual mean pressure at eight o’clock, a.m 29*887 

at two o’clock, p.m 29*882 

at eight o’clock, p. m . 29*882 

Greatest range of the mercury in October 2* 190 

Least ditto, ditto, in August 0*780 

Greatest annual variation in 24 hours in October, •••••, 0*980 

Least of the greatest variations in 24 hours in June .... 0*360 

Spaces described by the oscillations of the mercury , , 71*660 
Number of changes, caused by the variations in the 
weight of the atmospheric column 271 

Day and Night Thermometer. 

Degrees. 

Greatest thermometrical heat, June 26. Wind W 87*00 

cold, Jan. 15. Wind N.E. . . . 14*00 

Annual range of the thermometer between the extremes. 73*00 

Annual mean temperature of the atmosphere 50*13 

at 8 a.ra. . 49*00 

at 8 p.m.. 48*77 

— at 2 p.m.. 55*61 

Greatest range in June 47*00 

Least of the greatest ranges in October * 25*00 

Annual mean range 34*00 

Greatest annual variation in 24 hours in June 30*00 

Least of the greatest variations in 24 hours in December 14*00 

De Luc^s Whalebone Hygrometer. 


Greatest dimness of ditto on July 1 and 25c 33*0 

Annual rau^ of the inde:S: between the extremes. « . , • 4 • 67*0 

Annual mf an of the hygrometer at 8 a. m 67*9 

- atSp.m 71*^7 



1B21*] Dr, Bum€ysMet€oroIogkalJaur7iaI kept at Gosport, 3^7 


Degrees, 

Annual mean of the hygrometer at 2 p. m * 58*4 

- — — at 8, 2, and 8 o’clock, , , , 65*9 

Greatest mean humidity of the atmosphere in January . . 81*1 
Greatest mean dryness of the atmosphere in June 51 ’3 


Position of the Winds, 

From North to North-east 

North-east to East 

East to South-east 

South-east to South 

South to South-west 

South-west to West 

West to North-west 

North-west to North * . , 


D«yg» 

35 |- 

64 

26 

36 

6l 

74 

53 
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Clouds agreeably to the Nomenclature ; or the Number of Days 
OH which each Modification has appeared, 

Dayif, 

Cirrus 208 

Cirrocumulus 199 

Cirrostratus 283 

Stratus 50 

Cumulus 186 

Cumulostratus 188 

Nimbus 170 


General State of the Weather, 

A transparent atmosphere, without clouds, . . , 
Fair, with yarious modifications of cloud • « • • • 

An overcast sky, without rain * 

Fog 

Rain, hail, sleet, and snow 

Atmo^eric Phenomena^ 


Days, 

32 
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Number. 


Anthelion, or mock-^sun, diametrically opposite to the real 

Sun. 1 

Farhelia, or mock-si|iis« a^********** •*•»*••• ^ 34 . . 

Paraselene, or mock-moons, , ,V, ». -f ^0 

Solar halos t i . ;,*•*>» ' • * . 3 & , 

Lunar halos » .. »• <1 . ••••,•; • v r* ■; • • •' -fj - 

Baiobows, perfect . ,4. 
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Number. 

Small meteors^ or shoating stars . 131 

Li^tningi days on •^hich it occurred 14 

Thimder^ days on which it occurred 6 

Evaporation, 

** Inches. 

Greatest quantity in June 4'30 

Least quantity in January 0*35 

Total amount for the year 29*35 

• 

TtaiHf &;c. 

Inches. 

Greatest quantity in October 4*10 

Least quantity in March . 0*46 

Total amount for the year 25*75 


N.B. The barometer is hung up in the Observatory, about 30 
feet above high-water mark ; and the Self-registering Horizontal 
Day and Night Thermometer, and De Luc^s Whalebone Hygro- 
meter, are placed in open-worked cases, in a northern aspect, 
out of the Sun’s rays, and 10 feet above the garden ground. 
The pldviameter and evaporator have respectively the same 
square area : the former is emptied every morning at 8, a.m. after 
a precipitation of rain, into a cylindrical glass guage accurately 
graduated to 1-1 00th of an inch ; and the quantity lost by evapo- 
ration from the latter, is ascertained at least every third day, 
and sonietimes oftener, vi^hen strong evaporations happen by 
means of a high temperature and very dry winds. 

Of the Pressure , — ^The barometrical or mercurial column in 
the course of the year has shown a great elevation, and an unu- 
sual depression ; the former occurred in January, the latter in 
October, making its range about 2,; inches. The mean pressum 
is 1*1 25th of an inch less than it was in either of the two preced- 
ing years ; but the average of all the monthly ranges 2-^ inelms 
gfreater. The number of changes is nine less than in 1819, but 
it exactly agrees with that of 1818. For 180 days, while diMa 
moon was in south declination, the barometrical mean is about 
l-20ih of an inch higher than in the 186 days of her north 
declination. Last year the barometrical mean, or mean pres- 
sure, was greater wnile she was in north declination, than while 
she ranged in south declination, by l-17th of an inch. This 
shows neaiiy an equal pressure of the r{icill||l|piit atmosj^ere for 
her not:j%|ti]d south decimation during the mi 26 hmattons, and 
ntfb tendency to establish ^ neriodfoity of atnio-^ 
.jrtmrieal cSmugee;*’' said, to^ her mflaeneed ay tbc "inomi in the 
miibrent parts her cotnpimc ' unless^ the m&m tesidhl 
f to come’ out mm fevtwabiy* to the hypothewi 
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by confining the mean barometrical pressure to particular phases 
of the moon, %bich we have not now time to investigate. The 
aggregate of the spaces described by the curve greatest in 
January, and least in July. The averages of all the observations 
at eight, two, and eight o’clock every day, precisely agree with 
each other, and are 1 - 1 00 th of an inch less than those of the 
preceding year. 

Temperature , — ^The mean temperature of this year is nearly 2 ^ 
less than in 1819, 2 ^® less than in 1818,^ and 0*41 ofadegree less 
than in 1817 ; but about l-i^ higher than it was in the ungenial 
year 1816. The maximum the two preceding years has fallen 
off, and the minimum this year is considerably lower than at any 
time since February, 1816. The mean heights of the thermo- 
meter at eight, a. m. and eight, p. m. correspond <Vithin one- 
fourth of a degree, and also with the annual mean temperature 
within I 4 -® as usual ; but the mean at two, p. m. is nearly 4° less 
than I hat at the same hour in the warm year 1818. 4 -lthough 
the sun arrives at his greatest north declination at tlie summer 
solstice, when his meridional rays in this latitude are inclined to 
the earth at an angle of about 62^40', and have a powerful effect 
upon a thermometer exposed to them under a clear sky ; yet a 
month is generally taken up in the exhale ment of the earth’s 
moisture to a certain depth, before we experience experimentally 
the greatest monthly mean temperature ; because the earth and 
air do not receive their maximum heat till the latter part of July. 
At the winter solstice, the sun has his greatest south declination, 
when his rays are inclined to us at an angle of about 16® 44', 
and have then the least power upon the thermometer ; yet we do 
not experience the lowest monthly mean temperature till Janu- 
ary ; because the earth has not wholly parted with the heal it 
obtained in the summer till the middle of this month. An excep- 
tion to these general rules, however, does sometimes occur atthe 
retrogression of the seasons, arising from untimely weather* 

De Luc^s Whalebone U^gromeier . — The meanhuipidity oftbe 
air near the ground, as ascertained by three observations each 
day at eight, t!^o, and eight o’clock, anpears to be J® (within 
1-100) drier than the warm year 1818 I This appears incongmw 
at first sight ; but as the amount of rain and of evaporatiorWk 
much less this year, the ascent of vapours m^t have been 
slower and in less quantities, and consequently the lower 
of ait dri^ upon the hygrometric subsUnce of the instrument. 
The mean at eight, a, m. for the last thrW years, k 71*16® ; and 
the mean at eight, p. m. 72*83®. 

Fremiling the table contamhig a 

winds, or the numwnf daysoti whseh they have 
see t^t they have blown «more uniformly Tond^M' jieiki^ 
compass this year than yhars 16 lif mid,, 
to Ihe west of the meriihan 
those- on the eastern side, by 

New Series, VOL. t, i2Ji ' 
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and' those to the W and SW more than the one-third of the 
period, which we believe to be generally the case in the southern 
part of England. The winds f.^om E and NW are nearly equal 
in their duration ; and those from SE prevail a less time than 
nny other. The NE and E winds prevail mostly in the winter 
months, and the westerly winds in the summer. The uncommon 
vicissitudes of weather, and anomalies of the seasons, chiefly 
depend upon the prevalence of particular winds, which long 
experience has taught us. That there is some uniformity in the 
duration and distribution of the winds round the compass in a 
series of years is demonstrated by the foregoing proximate scale. 
By a strict attention to the motions of the modifications of cloud, 
we have been recently enabled to detect more frequently the 
simultaneous existence of several currents of wind, sometimes 
ihree, and often two, crossing' each other at right angles, at other 
times nearly in opposite directions. We have observed that the 
upper currents generally prevail over, and descend into the region 
of the lower ones after they have subsided. The number of 
strong gales of wind, or the days they have respectively pre- 
vailed this year, is as follows : IN, 3 ; NE, 7; E, 8 ; SE, 2 j S,2; 
8W. 19 ; W, 8 ; NW, 3 ; Days, 32. 

( '/ouds , — Some striking coincidences may also be seen in the 
.table in the number of days on which each modification has 
4iippeared during the last two years, the stmt us, ciiwulws, and 
nhnbm, differing most in the days of their appearance ; and the 
last two are less in number than in 1819, on account of the rains 
being less frequent. We have nothing particular to offer respect- 
ing the modifications of clouds, only that their assigned positions 
have been sometimes reversed in changeable weather. Some 
remarkable coincidences also appear in that part of the table 
under Weather, as in the number of clear, fair, and rainy days. 
It is necessary to observe here, tliat although we have allowed 
only 83 days for rain, yet a precipitation of rain, hail, or snow, 
has actually occurred loO days out of the 3(36; but 83 whole 
days and nights is nearly the time it has rained throughout the 
year. A separation of the time has also been made for the 
appearances of other peculiarities of weather. This method, 
towever, is attended with trouble ; still we shall pursue it, as it 
is probable that some definile results may be obtained from it at 
a future period . 

Atmospheric Phenomena, — ^Thunder and lightning have not Oc- 
curred so often this year as the two preceding ones ; but the number 
of small meteors, or shooting stars as they are commonly called, 
is greater — of 131, no less than 80 appeaired in August. On the 
9th of this month, between 11 and 12,^ p. m. 36 shot in different 
directions, three of them were caudated while passing between 
the constellations Lyra and Ursa Major, their sparUing trains 
having been left brilliantly illuminated for several seconds of 
time subsequent to the disappearance of Uie ignited bodies : this 
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indeed was the grandest display of meteors we ever remember to 
have seen in so short a period, arising from the very gaseous or 
inflammable state of the air. The solar and lunar hjtlos, parase^ 
lencc, and parhelia^ are peculiar prognostics which seldom fail to 
indicate approaching wet weather. The time and appearance of 
these, and other atmospheric plienomena^ may be seen particu^- 
larly described in our daily remarks on the weather, already 
published. The amount of rain and of evaporation is less this 
year than it has been for some years past. March was the 
driest month, and August very wet and windy. 

Variation of the Magnetic Needle . — Further observations on 
the diurnal motion of the magnetic needle have enabled us to , 
determine its recession from its greatest western declination* 
In this latitude it first began to recede, but in a very slow man* 
ner, in the middle of the year 1819. The mean westerly varia- 
tion here for December, 1820, was 24° 31' 15". 

The Planet Venm . — This brilliant planet excited much curio- 
sity among the inhabitants of this town and neighbourhood on 
Sept. 19, 1820, when she was distinctly seen with the naked eye 
by people of all ages assembled in the streets. See. from eighty 
a. m. till she was near the western horizon in the afternoon. She- 
was seen by us, without the help of a telescope, on the following 
days this year: — Sept. 11, 12, 13, 14, 19, 26, 28, and 30; 
Oct. 2, 3, 5, 6, 7, 8, 15, 17, 19,20, 24, and 30; Nov. 2, 7, 16, 
and 28. On the latter day she was 40° 58' 45*7" to the west of* 
the Sun's centre. In the morning of October 6, Venus was 
46° 1 5' 1 5" to the west of the Sun’s centre, and on the 8th 
following, 46° 25' ; the latter was the greatest distance that 
could be obtained from a number of sights taken with an excel- 
lent sextent this and the preceding day ; consequently she was 
then at her greatest western elongation. From these and pre- 
vious observations, it is inferred, that this planet may be seen 
with the naked eye in the open day, particularly when cn the 
meridian, in all that part of her orbit from 42° on either side of 
the sun in clear weather. Should the atmosphere be clear at the 
close of next October, or the beginning of November, when she 
will be about 42° to the east of the sun, no doubt she may be 
then seen with the naked eye in the open day, and for 8Q1XI& 
weeks afterwards. 


2 A a 
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Article VIII. 

Meteorological Table. Eitracled from the Register kept at 
Kinfauns Castlcy N. Britain. Lat, 23 ' 30 ". Above 
the Level of the Sea 129 feet. 


1820. 

Morning, 8 o’clock. 
Mean height of 

Even., 10 o’clock. 
Mean height of 

Mean 

temp. 

by 

Six’s 

Ther. 

DcpUi 

of 

Rain. 

No. of days. 

Rain 

or 

Snow. 

Fair. 

Barom. 

Ther. 

Barom. 

Ther. 

In. )«0 

Jan 

20*763 

29*3.55 

29*776 

30*097 

S0..532 

2-30 

14 

17 

Feb 

29-883 

S8'0j.5 

29-S75 


40*310 

1-40 

12 

17 

March .... . 

29*761 

S2*3a.i 

2^76. 

3> 645 

41-451 

0-50 

10 

21 

April 

29*794 

45*jOO 

29- 7 95 

.4*5.33 

47 333 

0*90 

6 

24 

May 

29 632 

49*516 

29-602 

47*870 

50*741 

5*20 

19 

12 

June 

29-838 

55-066 

29-8 n 

.52*966 

55-533 

MPflf 

13 

17 

July 

20-844 

57-549 

29-7KH 


1-80 

9 

22 

Aug. 

29*621 

.55-645 


5S-590|56 806 

2-20 

13 

18 

Sept 

29 792 

51 100 

29*777 

SO-OIK) 52 633 

■Mil 

12 

18 

Oct 

29-499 

i 43-193 

29 480 

42*742 44*419 

2*50 

12 

19 

Nov 

29*749 

40 63.1 

1 29*764 


■dl 

II 

19 

Dec 

29-877 

.39-032 

1 29*883 

39- 129:39*483 

1 

2*20 

16 

15 

Aver, of year. 

29*751 

45-38.3 

29*747 


23-50 

147 1210 


ANNUAL RESULTS. 
MOIINING. 


Barometer. Thermometer. 

Observations. %Vind. Wind. 

Highest, Jan. 9 .... SW . 30*88 June 26 W .... 68* 

Lowest, Oct. 17 ....NW. 2t*38 Jan. 18 NW.... !♦ 

EVENING. 

Highest, .fan. ' 8 . S W 30*8s ( June 25 N W 67^ 

Lowest, Oct. 17 . N W 28-66 | ,7an. 18 N W 9* 

Wont her. Days. Wind. Timos. 

Fair .219 N and N E 19 

Bain or snow . , . 147 E and SB 97 

SandSW 67 

36Q and N W m 

366 

Extreme Cold and Heat^ by Six's Thermometer. 

Coldest, Jan. 18, Wind N W one bdow Zero 

Hottest, June V6, Wind N W 79® 

Mean temperature for 1820. ........... 46-7427 


^ Eesult of two Rain C^ges. In. 100 

Centre of the Kin:6usua Oard.en, about 20 feet above the levdi of the sea. ...» 23*5 

Bjualinitu Caitie, 129 feet * 18*5 
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Article IX. 

An Account of an Ascent to the Summit of Mont Blanc, in 
August, 1819. By Capt. J. Undrell, RN. 

(To the Editor of the Annals of Philosophy,) 

SIR, London, March SS, 1821. 

Having seen in your journal an account of an unsuccessful 
effort to reach the summit of Mont Blanc, perhaps you may give 
room for the detail of a prior attempt attended with better fortune. 
The letter I send you is a transcript of one written a ‘short time 
after the ascent, and never, as you will perceive, intended for 
publication ; but, as the relation may excite some interest from 
the melancholy event attending a subsequent failure, you may 
deem it worth a place in your publication, though possessing no 
requisite for a work solely dedicated to the purposes of science. 

I am, Sir, your very humble servant, 

J. Undrell. 

DEAR -------- Berne, Aug, 2®, 1819. 

You may feel curious to have the detail of my late ascent to 
Mont Blanc. I need not remind you that I had long intended 
making the attempt, but rather next year, upon my return from 
Italy, than at this period. In truth, when I left Geneva for 
Chamouny, on the 4th ult. tlie weather was so unfavourable that 
I scarcely expected even to see the summit of the mountain ; 
and when the following day at Sallenche, I caught a glimpse of 
it at sun-rise, I deemed myself fortunate, as it became in a few 
minutes overcast. In the afternoon I reached the Prieur6, the 
rain falling in torrents, and although it cleared up % little the 
next morning, all the heights were still cloud-capt. 

On the 7th, from that singular ice-bound is.e, called the 
Jardin, at tlie extremity of the magnificent glacier of Talefire^ 
which branches to the eastward from the upper part of the Mer 
de Glace, 1 had the first clear view of the top of Mont Blanc^ 
which is thence beheld in a most imposing form, rising so 
abruptly for many thousand feet, that the snow cannot rest upon 
its sides. 

On the 8th, the weather was unsettled ; and ou the I set 
off for Marti^ny, and had proceeded seven or eight miles towards 
the Tete Noire, when, .J^rning to take a kind fmteweti look at 
the mountain, then quit& clear, as I was abokt eliter a 
which, from its direction, would have conceal it sitogetheic; % 
all at once determined to fntarn, and make aw attempt tke ensa* 
ing morning. My guide, Josef Marie Cbdt)^, 
me in every exciu*sion, was d^ighted resolittiboi and 

quite confident t^t the weather would piovw ftvowraSde m 
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of what seemed to me strongly to indicate the contrary. The 
result justified his assumption. 

In these regions there is no barometer equal to the local expe- 
rience of the inhabitants, which may almost invariably be relied 
on. From auguring differently of appearances on quitting- 
Geneva, I had, as stated before, postponed, in idea, the attempt 
till next year, and was thus imperfectly provided with instru- 
ments which cannot be got at Chamouny. Old Dr. Paccard 
supplied me with all he had, but I could not procure any good 
barometers, which 1 most wanted. 

In addition to Couttet, I engaged five other guides,* who had 
all accompanied two American gentlemen a short time before, 
and left tlfc Prieure about five, a. in. on the 10th. We soon 
reached the base of the mountain, and after ascending, about 
an hour and a half, through a wood of firs and larches to the 
east of the Glacier des Bossons, reached a little cottage, the 
highest habitation, where we breakfasted. At half-past six, we 
departed, the thermometer being then 43® f ; the sun shining bright 
upon the Dome du Goute, and the western heights of the valley 
of Chamouny, which first receive his rays in consequence of the 
direction of the mountains. At twenty minutes past seven, we 
stopped at a large stone called Iberre Pointue, from whence the 
path to the (iermir pfazon is steep, winding, and difficult, 
Having to the right the deep ravine by the side of the Bossons, 
which name is now applied to the whole extent of the glaciers 
towards the Aiguille du Midi and the Montagne de la C6te, 
including indeed a portion of what is properly that of Taconay. 
It was half-past eight before we reached the last land,J when 
we took a ladder, which is constantly kept there for these excur- 
sions, and, crossing a ravine covered with loose stones and 
huge fragments of rock, ascended the Bossons, over which con* 
gealedmass^ the mere lofty adjoining glacier, and the snows above 
them, our future path lay. Our shoes were fitted with the cram- 
pons used on such expeditions, without which it would have been 
impossible to have held footing ; and we had also long staves 

• These were Pierre Carrier, Alexis Du Vaussoux, Mathicu Balmaty, 

Couttet, cousin, and David Couttet, brother of the principal leader. I mvc their own 
method of spelling their names. All ofthescseem to have attended Dr. Du Hamel and 
his party ; and the first, an excellent man, with two otheWi^^ who had never hefbre 
attempted the ascent, perished. The Doctor must be mistalbn in asserting that poor 
Carrier had been 1 1 times at the top of Ulont Blanc. Jle has confounded the unsuc- 
tjcssful efforts with those that succeoied, which are only about one in four I sliould 
add that besides the above guides, there was a hardy youth of 18 who accompanied us, 
is order to become acquainted with the road. % 

f Ibi taking the difoent temperatures, ReaumurV thermometer was used ; in con- 
verting the d^rees of which to those of Fahrenheit's scale, the Ihictiona! parts of a 
dcgTM are omitted. 

t In aapendlng, we saw seveiel chanKiis at no gfreat distance above us, leaping from 
took to fiN^, with inconCttivAbb agility. Their appearance quite agitated my guides. 
TWr ptss^n for foQowlng this pipor animal is scarcely credible, and donves additional 
ea^^teident fiom the dangers atten^g it. The animation of a fox-hunter is mere stBU 
IbhipaRiparod* widi the of delict whidi pervades the diaeer of Ihe t^iamtda; 
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pointed with iron, which are of infinite service in helping you 
onward, and a safeguard against falling. , 

There is no part of the ascent to Mont Blanc which I consider 
so perilous as that from the Glacier des Bossons to the rock 
called the Grand Mulet, Above, for a considerable space, are 
the prodigious masses of ice at the bottom of the Aiguille du 
Midi, rising to a vast height, and frequently overhanging their 
bases to such an extent as to menace with destruction every 
thing within their influence. Some of this fell shortly after we 
had passed, and an enormous quantity seemed likely to follow, 
and soon did, as will be shown by the sequel. At half-past 10, 
we reiited upon a flat space of ice, or rather frozen snow, consi- 
derably higuer than Mont Breven, which is more than 8,300 
feet above the sea, where the thermometer was 44°; and at 
15 minutes past 11, stopped under an immense quadrangular 
block of snow, pendant with icicles, and perforated in a most 
singular manner. The hollo w^s were hill of water, whicli we 
found very refreshing, as the heat was almost intolerable from 
incessdlit exertion. The thermometer, suspended in the sun, 
was 52® ; plunged, it sunk to 23®. The dangers increased after 
leaving this place, and called forth all the vigilance of the guides, 
accustomed from their infancy to cope wath such difficulties. 
Though but a few weeks had elapsed since they were here, they 
found a vast change in appearances, and were onliged to proceed 
with the greatest circumspection. It is impossible to dojustice 
to the courage and zeal of these people, and their devoted 
attachment to the persons employing them. As a single false 
step would have been fatal, we were linked together with 
ropes at 10 or 12 feet distance for mutual support. The route 
lay through masses of ice and snow, heaped confusedly together, 
and uiKier every shape and form imaginable, ^ome ol‘ these 
were wholly ice, and so hard as to afford great resisjt«mce to the 
axe with which w'e were frequently obliged to cut out steps for 
our advance ; others seemed in a state of half congelation ; 
many were of snow quite soddened, ofgreat relative gravity, and 
of a dark hue, from the moisture imbibed ; and some appeared 
of a shining white, as if newly fallen, or having been lately preci-- 
pitated the upper regions of the mountain. We were 
obliged to pass si^long over many of these huge heaps, inclined 
from 30® to 40®, often with a gulph beneath ; and, occasionally, 
upwards, upon a mere^hread of ice dividing the cavities, whose 
sides sometimes approaching seemed to at varipus dist- 
ances below; while others, receding, descent, or bein^ 
quite perpendicular, presented nothing but a vast . abyss whose 
termination was lost in darkness. Any thkig thrown or fidling 
by accident int^j these depths suffiioianMy miiibed. their piaofah** 
dity. We derived great advantage from for many of 

the chasms could not have been 

mountaineers who attended me; the distance from. 
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iiock of snow before mentioned to the Grand Mulet in a strait 
line is triding, it took us three hours to attain it from the diffi- 
culties of tlife ascent, and the zigzag direction in which we were 
forced to move* 

The Grand Mulet is a rock, or rather ridge of rocks, running 
towards the summit of Mont Blanc in a line about SSW and 
NNE. It lies between the chains of tlie Dromedaire and the 
Dome du Goute, bearing S from the first, and SW from the 
second. The intermediate spaces form two valleys, but of une- 

S ual size, from the closer approximation of the Grand Mulet to 
le Dromedaire, and its continuation. The ascent from the 
Prieur^" is from 70^ to 72°, and from it to the top of the moun- 
tain about 60°. It has little appearance of vegetation ; a few 
blades of common grass may be found growing in the angles of 
the crevices, and the surface is covered in many places with a 
lichen, of a bright-yellow colour. It would seem that nothing 
living would choose such a place for a residence, yet my guides 
assured me they had seen mice upon it, and this is cou- 
finned by the fact, that, upon our return, one of them Idfced a 
weasel, which liad no doubt, in some manner, made his way 
thither, to prey upon those animals. 

The appearance of the snow towards the Dome and Aiguille 
du Goute is singular and beautiful. We had passed over a 
chaotic mass of inequalities, but in that direction there is a strik- 
ing order and regularity. The chasms run invariably neariy 
E and W, and the most extended are the lowest iit the ranges. 
The line formed by the upper part of these rents is almost 
strait ; that by the lower or detached part makes a curve pressing 
downwards. This form appears the consequence of the situa- 
tion of the valley ;1 for the ascending line being nearly N and S, 
the snow will naturally, from the edect of gravity, separate in an 
opposite direction. Vi'heu the incumbent mass becomes too 
lieavy to support itself, it breaks transversely, and thus makes 
those almost regular columns, as I should call them, or paralle- 
lepipeds, to which Saussure has given the name of Sei ac. The 
inchnation and conliguration of that part of the mountain upon 
which the snow rests, conduces to the formation of these blocks, 
and the operating causes being always the same, the effect of 
course will be so, and this succession of uniform masses must 
ever continue. The Serac holds its appearance for years, as the 
snows of several winters may be distinguished upon it, until it 
yields to the influence of circmnstances, is resolved into smaller 
nea^ps, or, perhaps,, descends in lavauges upon the valley below* 
f^ace between the Grand Mulet aiid the chain of the Dro^ 
medaire is wholly, of these enormous parallelopipeds, but withouit 
any ^regularity shae* : dibe mc^nt t^re is .much more jurecipi- 
tbus than the side, ami the watem desoanding from tm 
rooks, whtieb on eteiy side are almost perpendicular, prepuce 
more irequent and uniform changes, deprive snowr 
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of much of that dazzling whiteness which it usually wears at such 
elevations. The thermometer at our resting place at three, p.m* 
was 63^. It declined rapidly with the sun^ and at half- past five 
was 43®; The space where we lay is on the SW side ofthe rock^ 
and not more than 18 or 20 feet by 5 or 6. It has been made 
somewhat level by the guides, who have piled loose stones on 
the part towards the precipice as a protection. It was an 
unpleasant bed, but my guides slept as soundly as if lodged in 
the most comfortable mansion, and without being in any way 
disturbed by the thunder of the avalanches which kept falling, 
at short intervals, chiefly in the direction of the Mer de Glace. 
One of these men had lain 14, and another 11 times at the 
Grand Mulct, in various attempts to reach the top of Mont 
Blanc. 

At halfopast one next day (the 11th), we began our journey 
by moonlight. The ascent, though frequently steep, is not dan- 
gerous, having few chasms ; so that we weie enabled to advance 
without waiting for day-break. We were linked together as 
befor^ and made our way in the same order, the pauses of rest 
being delightfully filled up in contemplating a spectacle, to me 
so new and so magnificent. The sky at this elevation appeared 
before dawn almost black, the moon and stars seeming, as it 
were, sunk into tile firmament. The snow-topped heights shone 
as if coped with silver — broad expanse of clouds, undulated, but 
motionless and resplendent with the moon-beams, was stretched 
out beneath us, in the midst of which rose the bare dark pinna<» 
oles of the mountains, like rocks heaved up from the depths <>f 
ocean. The silence and solitude of the scene aided its 
effects, and induced a sensation which 1 might seek in vain for 
language to depict. At four, we reached the Petit Plateau^ 
where the thermometer was 11®. Ihe acclivity from hence to 
the more extensive level called the Grand Plateau i% between 30® 
and 35®, the snow quite hard, and without many uregularittes* 
As we advanced, the Dome du Goute appeared magnificentfy 
above ua ; its snows formed in many parts into prodigious quad- 
rangular masses, placed with uniformity, and bearing some resem?- 
blance to embrasures. Behind, we had the#iearer range of the 
Savoy and Swiss mountains, brightening with the risingsun; and^ 
far below, fringed with its exhalations, the long blue level of the 
Leman L^e. 

At six, we reached the upper part ofthe Grand l^aleali, whow 
height above the sea is fixed by Saussuto nt feet. Hero 

was the greatest degree of. cold we 

ter being 5® All our provision was the water 

brought with us converted into ice. The eon hnd just beamed 

upon the place when we enaved, and 

to rest and breakfast, the qtuclwttfer 

first began to feel sdiirething of 

paiMd with a w«nt-<ef appelke, and dfetwUi. 



378 . CapL VndrelF^ Account of an [May^ 

perceived that these sehsatiops were participated, more or less^ 
by all the guides. One of them, who had for a considerable time, 
with great lahour,, crawled along, w'as left at our departure quite 
exhausted, and asleep upon his iknapsack. At seven, we set off, 
and the difficulties in a very short time far exceeded any that we 
had hitherto experienced. The route is to the left towards the 
Rocher Rouge, or east shoulder of the mountain, a more direct 
ascent being precluded by the formidable precipices of snow 
which lie between the summit and the Grand Plateau. The 
inclination is in many places 60°, and the snow never hardens. 

, The guides complained that since they had last been here, it had 
greatly accumulated, and some of them thought that all our 
trouble had*been useless, but Couttet was quite certain of suc- 
ceeding, though we sunk above our knees at every step, and 
were sometimes immersed so deeply that it was only by much 
exertion we could extricate ourselves. The wind, which blew 
freshly in our faces, increased the difficulty, and obliged us at 
every rest tb turn quickly to leeward in order to inspire freely. 
I was obliged to limit every advance to 26 paces, and even this 
produced a painful throbbing, with great acceleration of pulse. 
It was during this march that I was surprised to see a butterUy 
upon the wing, and directing his course tovvards the top of the 
mountain. His flight, being against the wind, it was conse- 
quently the effect of choice. This was the only insect we saw 
mive, but several dead were picked off the snow. It was nearly 
10 o’clock before we reached the Rocher Rouge, from whence, 
on the right, we had a full view of the majestic height which we 
were now certain of attaining. Here we rested a short time, and 
soon became quite refreshed. The day was remarkably fine, 
and the thermometer 41°. We now saw the guide who had 
been left asleep at the Grand Plateau, slowly making his way 
after us. Although he was not wanted, he would have deemed 
his credit lost had he not gained the top ; and as it was, several 
of his companions expressed great contempt for the ^Gmbecille,” 
as they termed him, such being the spirit which animates these 
brave fellows. 

The acclivity froalthe Rocher Rouge t is easy, not above 25° 

♦ I cannot gather at what part of the BKcent Dr. Du Hamel and bis companions met 
wiA the deplorable calamity which ended so fatally to poor Carrier, and two other 
^ides, as the account published in the Avnah of Philonophy does not mention at what 
time the accident occurred. 1 should fancy it to.have taken place Portly alter quitting 
the Grand Plateau, and advancing towards the Rocher Rouge, as thete are, or were, ‘ 
fm the appearance of the snow is eternally varying, some deep dbaems to the hsft in that 
directum, with many preci{>itous masses on the other hand which continue for a consider- 
able iqmCe upwards. Portions of these heaps are frequently detached, and bear every 
thing before them, when set in motion from the slippery ac^vity on which they rest w 
mf coii|eet»te as to the {dace of the imafortune be uhII foiisided. Dr. Du Haonel must 
hafo hem more than Uiree hours and a half from the summit of die mountain, 
ndiich then ae^ed so near to }iim> so difficult is it to judge of diststioei at these dieva- 
tM^ ati4 wifo mch ohstnietions fo 

f X have preserved the iqppeHaifons given by the guidesy «p1io have naiaad almoat 
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and without cavities ; but though it looked attainable with little 
trouble, scarcely any part of the journey was more painful. I 
had not before been very much incommoded by the*rarity of the 
air ; but now I felt it so severely, and was obliged to make such 
frequent halts, that it was almost an hour and a half, although 
the distance is trifling, before we conquered it. The inconve- 
nience seemed chiefly attendant upon progressive motion ; for 
mere exercise, without change of place, did not much alfect me* 
The surface of the snow toward the top is completely waved, like 
water ruflied by a slight breeze, or rather, perhaps, like a heap 
of sand furrowed by I'requent showers ; yet it is the opinion of 
the Chamounese that it never rains upon Mont Blanc, as they 
observe, whenever this takes place below, that the highest rock 
visible to them is covered with snow. At so many thousand 
feet above the curve of congelation, it cannot indeed be other- 
wise ; yet a cursory glance would almost induce one to think 
the contrary, as, independent of the appearances before men- 
tioned, a portion of the ascent was strewed with thin shining 
plates of ice, like water arrested in its passage by the hand of 
frost. It was half-past 11, a. m. exactly 10 hours after leaving 
the Grand Mulct, that I had the pleasure to tind myself upon the 
summit of the ancient continent. The highest part of Mont 
Blanc has ])een said to resemble in form an ass’s back. It 
is a narrow and almost level line of little extent, running nearly 
E and W, and somewhat higher at the western end, curving 
gradually towards the N to the vertical snows above the Grand 
Plateau ; and in the same way to the S, to the prodigious preci- 
pices over the valley of Entreves. The prospect from this 
colossal height was, as may be expected, immense, and only 
bounded by the imperfection of human vision. The wepther 
was beautiful, the air quite clear, and the wind between the S 
and W, which is what generally produces or acconpipanies those 
optical illusions so frequent in the Alps, when distance seem® 
annihilated, and objects the most removed appear^ as it were^ 
within the gra^. To the E the eye stretchea over the Mila- 
nese ; to the SE, to the Parmesan and adjacent countries ; and 
S, towards Genoa, and, perhaps, to the Mediterranean ; but of 
this last, I cannot speak with certainty. The Apennines inter- 
cept the view; and I might be, and probably was, deceived in 
what I took for that sea.^ A large portion of the south of 

every portion of xoek the snow hoR not covered. A xi%e near the ftodier Bmtge, they 
term the Petit Mulet, The east shoulder is properly Maudit. ^ 

* In Sheirs ^^M«iiu<ddtt Voyageur en ie Hoiist 

witli hU son and three guidee, reached the summii fiif Mont Bl^ne m USS, ^ 
la which had (hspersed the rest of the parQr ; aSd tliat, ditecendiiigj^ dndteritb 

the 8E, Modb. B. had Avm thence fancied he saw die hiSfiliensuM TheaMAndsns 
iUont Blanc so such weather as deecribed, I-oenenva tahe p l yB ca H y it q w wi W ft, aa^ 
useless, ftom obvious xeaMUis, were it odierwhn.> uiiSiapMHnqr that 

Moos. B. eveewas at theiop of Mont BaLanc, «r atmjp^of It, wiiem%^E^ Aekm 
of the mountain, the Mediterranean could he c^i^Tha ilhdb ]ditov5tols;BHMil 

Isughed at hy Itei Piccard, and the oldfuidea of Chau a wM sy . 
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France was distinctly visible, with the most distant mnge of the 
Swiss mount^ns, and beneath, in a manner under our feet, Ae 
Mer de Glace with its glaciers, and the vale of Chanaouhy, 
whose inhabitants were clearly seen through a telescope. The 
Alps had a very singular appearance. The height from which 
they were beheld seemed to rob them of their character as 
mountains; and the relative elevations of the greater number 
were hardly perceptible. Except Monte Rosa, which towered 
with nearly rival grandeur, and a few others, the whole looked 
like a vast expansion bristled with rugged inequalities, whose 
^ tops almost invariably ended in a point. These pinnacles ran in 
various directions, but in lines parallel to each other, forming 
between them^ ranges of hollows covered with snow. This 
needle4ike termination appeared universal, as except that upon 
which 1 stood, and Monte Rosa, I scarcely perceived an excep- 
tion in the wide extent of Alpine region, which lay under my 
view. The clouds were all far beneath, and quite at rest. Many 
were below the mountain-summits ; some up n them, and others, 
altogether detached. Their forms were wholly semiglobular, or 
rather a continuation of segments of circles, the extremities of 
which were defined with perfect exactness. A few that were 
nearly separated from the larger bodies were completely round, 
and seemed like small globes ^resting upon one of their poles. 
These clouds were all nearly opaque, and appeared of a dusky 
white, luminous at the edges ; but, just before I left the top of 
the mountain, when the sun had considerably declined, some of 
the more distant, particularly towards the east, began to assume 
thatbright empurpled rose-hue tint, so frequently attendant upon, 
and I believe peculiar to, an Alpine sun-set. The sky was of a 
dark, deep blue, many shades more intense than when viewed 
from below. This colour, which approached to black at the 
zenith, diminished gradually to the horizon, where it had a kind 
of violet tinge. iVo thing can be fancied so beautiful as the 
ethereal concave, arching out, if I may so express it, into infi- 
nity, without any exhalation or impurity of earth to intercept its 
magnificence. There was a something in the scene and the 
situation — a feeling^of high-wrought enthusiasm, to which the 
mind willingly lent itself, seeming to stretch beyond the wonders 
it contemplated towards Him who formed them. 

1 remained upon the top of Mont Blanc three hours and a 
half. During this time, the alterations of temperature were 
continual. The wind in general blew strongly from the SW, but, 
at intervals, it died away, and a milder atmosphere was Bie 
immediate consequence. 

When we first arrived, the thermometer in the sun was 33®; 
placed upon the snow with die same^ asp^t, it sunk in fiv« 
minutes to 25®. Snsjfended towards the N in a cold current of 
air^it v^as 14® ; and in the same spot, with the bulb in the snow, 
fell to 9°. All these changes took place before mid-day. The 
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greatest degree of heat we experienced, or rather seemed^ to 
experience, for it was not indicated by the thermometer, was 
about two, p.m. The glare of the sun, from which we had no 
direct shelter, and the reaction of his rays becoming more pain** 
ful from prolonged exposure to them, must have caused 
sensation. The wind afterwards increased, and when I quitted 
the summit, the thermometer in the sun and full air was 19®. 
This is a much greater degree of cold, and a more extended 
variation of temperature, than was felt by Saussure, though his 
ascent w^as in the same month of the year, and only a few days 
earlier — a proof of the changes jircvalent at such elevations. 
That eminent philosopher mentions that by placing himself in the * 
shade, he was able to see the stars; but though, l.lay down in 
the snow, and had ray guides with their cloaks, Sic. spread 
about, so as to form a kind of night around me, I was not 
equally fortunate, which may, perhaps, be attributable to the 
difference of wind and atmosphere, Sound is imperfectly cop- 
veyed at great heights, and it is not in the slighest degree rever- 
berated upon Mont Blanc. I caused a pistol to be discharged 
several limes at various distances; but the cessation of the 
report was instantaneous, and when I had it fired into a cavity 
in the snow, and lay down 30. or 40 paces off, the efiect was 
the same. 

While upon the summit, 1 sent my guides to break off some of 
the highest visible rock * in Europe, which is considerably 
low^er towards the SE ; and I send you specimens, with some 
stone vitrified by lightning, which is occasionally found in th«^ 
direction. This is the only effect of that element discernible 
upon Mont Blanc, which, by its form, and the snowy cope with 
which it is eternally crowned, is shielded from its influence. At 
three o’clock, having assembled my guides, and caused tl)em tO' 
join with me in drinking to the prosperity of Old*England* we 
commenced our descent^; and in an hour and a half reached the 
Grand Plateau, We were linked in ascending, and passed the. 
declivities, which were not too precipitous, by gliding down 
them upon our haunches — a method attended with no other 
inconvenience, except that the foremost in' the train were 
covered with the rubbish raised by the passage of those behind* ^ 
In this manner we proceeded, and arrived at the Grand Mnlet 
in three hours and twenty minutes. We foCind that two ava- 
lanches had fallen in different parts of bur path, neitber of them 
indeed very lai^e, but quite sufficient to have overwhelmed tte 
whole party.* 

* Dr. Du Hamel is mistaken in supposing that he places nf Ibe 

est visible rock in Hurppe,** tAat being situated only about le^ bdow ibe tim of tto 

moufttaitt, butaewnid thoasatid abdve the mtnu iraefe 
mens. This to^ h (be protofsme of M 

and Im a tod^htto, whence its nama - * « 
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While going along, I could not help fancying that a large 
portion, or the whole, of the stupendous compact body of snow 
n-om the Grsjid Plateau downwards might be continually and 
progressively descending. The disposition of the mass, and the 
situation of the chasms always lying where the inclination is 
considerable, '^^th the general appearance of the whole, sug- 
gested the idea. This is, however, but a mere conjecture, and 
even w'ereit otherwise, it is not ascertainable, as along series of 
years, perhaps ages, must pass by before the part now upper- 
most could find its way into the plains. The cold at the Grand 
Mulct was very severe during the night, and we were very 
poorly skreened from it by the slight covering which, from the 
rock on onp side to the precipice on the otlier, we had hung 
obliquely over us. 

At five, a. m. on the 12th, w^e set oft' for Chamouny, the path 
being too dangerous to make the attempt till perfect day-light. 
Our passage was impeded by a tremendous avalanche, which 
had fallen upon the spot, which, as I stated, it seemed to threaten 
as we ascended from the glaciers at the foot of the Aiguille du 
Midi. It covered an extent of more than a quarter of a mile, 
and we were full half an hour in traversing it. It was nine 
o’clock before we reached the dernier gazon.’^ My eyes had 
now become much inflamed,’*^ as 1 had used little or no precau- 
tion to defend them against the reaction of the sun from the 
glare of wliite around me, the scene being too extraordinary to 
be viewed even through the preservative of green crape, or any 
other medium, and I scarcely recollect any thing more painful 
than the first flash of the sun upon them as we descended. At 
half-past 10, we stopped at the Chalet, wdiere we had refreshed 
ourselves tw^o days before ; and here the thermometer was 65°. 
At half-past 1 1, we reached the bottom of the mountain, and at 
noon arrived at the Prieure. The heat in the valley appeared 
intolerable to us, though only 72°. 

On the morning of the 16th, the affection in my eyes having 
ceased, I crossed, with my old guide Couttet, over the Tete 
l^oire to Martigny, and thence by Bex, Chillon, Vevay, &c. to 

Lausanne, where I arranged my notes, and sent to a 

little account, which you will here have more at length. I fear, 
however, that you will fancy it unreasonably extended, and 
wonder why any one should take so much pains to so little pur- 
pose, and without any scientific result; nevertheless, as the 
attempt succeeded, I consider myself amply compensated for all 
the dangers attending it ; for I wished to contemplate Nature in 
her migntiest works^ — to behold the clouds from a region above 

* iiceideiitBUy met Oapt. U. shortly after his descent, and witnessed what ho 

has stated, 1 cannot too strongly recommend the adopdonof those precaudons on similar 
oecaidoiis whidi he ne^ected to observe*— 
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them — and to see, if such a phrase may be permitted, how* 
Heaven looked from one of the pinnacles of earth. 

##*########## 


Ever sincerdy yours, 

“J. IJndrell. 


Article X. 

Further Observations on the Comparative Advantacres of 

naling bp Gas produced from Oil and from Coal, By M. 
Ricardo, Esq. 

(To the Editor of the Annals of Philosophp,) 

SIR, Bow, March 21, 1821. 

1am unwilling to intrude the subject of oil gas again upon 
your readers ; but there are some observations made upon my 
former paper by a correspondent in the last number of the 
Annals, to which I must claim permission to reply. This gen- 
tleman, whoever he may be, has said more (unintentionally, no 
doubt) against the management of coal gas companies in general, 
than could be deduced from any thing 1 have written. My 
object was only to prove the inferiority of coal gas, when brought 
in comparison with that of oil ; but he has shown that some great 
mismanagement exists in ail the companies, excepting those of 
Sheffield and Derby ; and if the statement respecting the latter 
be correct, the management of the Sheffield Company may also 
come in for its share of blame. 

I must still persist in my assertion, notwithstanding your cor- 
respondent differs from me, that the advantages attendant on the 
London Chartered Company, are greater than any other possess. 
It must be allowed, that to have the greatest number of lights 
in the smallest compass is the highest advantage which a 
gas light establishment can have. The cheapness of coal and 
labour is of little benefit, unless there is an ample demand for the 
gas ; and what place is likely to compete with London in this 
respect? If you compare this Company's main with the number 
of lights upon it, I should think no provincial city or town could 
in any way egual it. 

Your con^spondent says, that the selling nwe of coal ges at 
Sheffield is upon the average lOs. 6d. per 1000 cube feeVandsit 
this price, it yields a profit of 10 per cent; He then asks aome«> 
what triumpnantly, what^I.shaU say, 

Derby, gas is sold at 7s, 6d[< per 1000 cube feet, and &at the 
Company calculates to share a profit of 10 per cent.? TJo thk 
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I can only reply, that without doubting your correspondent’s 
veracity, 1 must beg leave to doubt the fact till the Company’s 
calculation is realised ; besides, if Sheffield retails its gas at 
IO 5 . Ot/. with a profit of only 10 per cent, there must be some 
extraordinary and unaccountable advantages attendant on Derby, 
or some gross mismanagement on Sheffield, as I cannot see why 
the latter should not be able to sell their gas as low as the 
former, and at that rate the profits ought to be nearer 00 per 
cent, than 10 per cent. From a paper now^ before me, the 
Derby Company appears to be but very recently established, 
and the promoters of it are making their calculations by antici- 
pation. One circumstance 1 beg to mention, where I conceive 
them to be^completely in error; and if their calculations of profit 
are made from such data, thejy will certainly be deceived. This 
paper states, that 1000 cube feet of coal gas are et|ual to 70 lbs. 
of candles. This, 1 believe, is at variance with every recorded 
experiment that has been tried, and more particularly w^th those 
of Mr. Accuni, one of the chief promoters and warmest advo- 
cates of coal gas establishments. In my former paper, I have 
given the result of his trials on this subject, and, according to 
uiem, supposing these experiments to have been made with 
candles six to the pound, instead of eight, each candle lasting 
six hours, a pound would be equal to 24 cube feet of coal gas, 
so that 1000 cube feet would be equal to somewhat less than 
42 lbs. instead of 70 lbs. as stated in the Derby report. 

Your correspondent next draws a comparison between my 
calculation of the expences of oil gas and the Sheffield coal gas ; 
but 1 cannot admit that one of the former is equal only to three 
of the latter : I am convinced it is fully equal to four, in drawing 
the medium between the two ; and allowing it to be as one to 
three and a half, 1 trust I have made every necessary allowance. 
In tliat case 1000 cube feet of oil gas wdiich cost 30s. would sell 
for the same price as 3,500 of coal gas, instead of 3000 ; that is, 
1/. 16^. 9df. yielding a profit of 22 per cent, instead of 10 per 
cent, as stated by your correspondent. 

1 am willing to allow that some of these calculations show^ 
better on paper than in reality, and that there are always some 
great and unavoidable expenses which cannot be immediatoly 
foreseen, but which, however, it becomes necessary for a newly 
established Company to guard against by a high price. This 
may always be much more easily lowered than raised; but 
whatever these contingencies may be, they must, fi*om the nature 
of the two establishments, be greater in the coal than in the oil. 
In estimating the profits, it must alwikys be done with the consi- 
4c^ti<on of a certain demand for a given number of lights : into- 
bn capital, and expieaces of man^ement to a certain extent, 
he incurred, vffiether there are few or many li^ts required ; 
fenSt wnen Ihese are properly baiinced by the demand, a profit 
^prdximatitig to what 1 have stated may be expeUted^ ^ 
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Your correspondent says, that the more unpleasant die gas is, 
the more rcadilyife its escape detected* I am very willing to 
allow, that though not so unpleasant as coal gas, oil gas is quite 
enough^ so to insiu'e detection. The only question in dispute 
then is, Ivhich may be procured the cheapest. I think I have 
proved that the advantages rest with oil gas even suppos- 
ing it were as expensive as coal gas, its superiority in eveiy 
other respect will, when its use is as well known, give it 
a decided preference. I have subjoined a table of the cost of 
gas at 12 dift'erent establishments. This has been kindly fur- 
nished me by a friend, who undertook, from their printed rate 
cards, to make the necessary calculations, and which, 1 believe, 
may be strictly depended on for their accuracy. This table will 
be a sufficient proof that in estimating the selling price of gas 
generally at 15,v. per 1000 cubic feet, I have not been so wrong 
as your correspondent has assumed ; but, on the contrary, that my 
estimate has been too low instead of too high. The average 

f rice for the 12 establishments quoted is 16.v. 10^, instead of 155. 

have been unsuccessful in my endeavours to procure rate 
tables either of the Sheffield or Derby companies. I have seen 
a printed paper from Derby which states the intenlion of the 
promoters of that establishment to sell gas at Is. i5d. per 1000 
cubic feet ; but I liave seen no document from which it can be 
inferred that they actually do so sell it. 

Were 1 to hazard an opinion on the cause of such small profits 
as are generally known to accrue even from gas establish- 
ments which make high charges, I should attribute it to the 
iiriudicious mode of charging for light ; namely, by the number 
ot burners used instead of by the quantity of gas consumed ; in 
the former way, there is no check upon the consumer; and 
every one who walks the streets in the evening must observe the 
extravagant waste of gas in the different shops— r-an extrava- 
gance which does not benefit the consumer, while it very 
seriously injures the Company providing the gas. This might 
be obviated by the use of the gas meter: the perfection to 
which this machine is now brought, and the correctness with 
which it registers the quantity of gas that passes thiough it, 
will ensure its preference over every mode of estimating the 

E rice of gas both to the Companies, and the consumers, if it 
ecame generally adopted. 


New iSeries^ Ypt. i. 


2 B 
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^Tahk of the Prices at whkU Gas is charged pef 1000 Feet, catcu- 
lateafrom t/ie Rates of various Places, taking the targe Argand 
Burner {intil 10 o^Ciock as the Standard, and reckoning the 
Consumption of Gas at Jive Cubic Feet per Hour J or such 
Burner, and the umber of Hours in one Year to be 1100, or 
34 ^, on the Atr rage for 313 Dai/s. 



AnnuJ charge. Icube /eet coMuined 
^ j 111 a year. 

Rate perl 000 
cube feet. 


£ 


d. ! 

£ 

s. d. 

Leeds .... 

4 

0 

0 

0 

0 

0 

14 6 

Edinburgl^ 

4 

4 

oy 

0 

15 3 

Newcastle . 

4 

4 

6Ji 

Bath 

4 

10 

6 1 

0 

16 4 

Worcester . 

4 

J2 

0 ! 

0 

16 8 

Chorley . . . 

4 

14 

t>'i! 

0 

17 2 

Preston . „ . 

4 

14 

1 

London . . , 

4 

16 

0 1 



Liverpool . . 

4 

16 

o(; 

0 

17 5 

Bristol .... 

4 

16 

()(; 

Chester. •. 

4 

16 

0 M 



Oxford .... 

5 

12 

0 ! 

i 

0 4 


The average charge for 1000 cube feet of tlie 12 towns is IG^. 10c/. 


P. S. — Since writing the above, I have been successful in 
obtaining a Sheffield rate card. Calculating on the same scale as 
the otherahave been done, Itindthe cost of gas is 1 7s. per 1000 
cube feet instead of li-s*. as stated by your correspondent. The 
highest discount which they allowed is 20 per cent, on large 
payments : this, taking the medium, would average the gas at 
IDS, 2d. instead ot‘ lOi. 6W,: the quantity sold by the meter at any 
of the works is so small, I understand, that no calculation can 
be made from that mode of charging. The difficulty which my 
friends have had in procuring me the rate cards has mage me 
so late in transmitting this paper to you ; and tliis last, of Shef- 
field, the most important of all, I have only obtained this morn- 
‘ng. I am aware that the time of your receiving communications 
has elapsed ; 1 cannot any longer encroach upon your indul- 
gence ; and instead of rewriting the paper altogether, which I 
should not be able to do for this month’s insertion, 1 must 
re<|t^st you will insert this as a poi^script. Although I enter- 
tainl^^rsome very considerable doubts of your coiTespondent’s 
correetness, I did not like to express them till I had satisfactory 
propfa^iastead of tperfe surmise ; the^ are furnished by the rate 
before me; and the charge whicji your correspondent 
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brought against me of not obtaining better information before I 
estimated the price of gas at what 1 did in my former paper^ may 
certainly be retorted upon him, for not having made his state- 
ments more correct than he has done. I arn, however, indebted 
to him for affording me an opportunity, not only of confirming 
my former statement, but of showing that, instead of exaggerat- 
ing the superiority of oil gas in point of economy, I have under- 
rated it, and that its advantages are much greater than I had 
myself conceived before I entered into this more complete inves- 
tigation. Had it been practicable, it would not have been 
uninteresting to have shown what dividends are paid by the 
above enumerated Companies ; how many pay 10«. per cent* ; 
how many pay more ; how many pay less ; and how many pay 
none at all. 

I am, yours, &c, M. RicAnD> 04 . 

March 23, 182J. 


Article XI. 

JR^marks on Capt, Katef^s Erperimenls on the Length of the 

Pendultfjn, 

(To the Editor of the Annals of Philosophy 


SIR, 

As notices of Capt. Kater’s experiments on the length of the 

f >endulum have occasionally appeared in your journal, the fol- 
owing remarks relative to that subject may, perhaps^ be allowed 
a place in it. I am, &c. &c. X* 

An article appeared in the Edinburgh Review for November^ 
18*20, giving an account of Capt. Kater’s experiments for deter- 
mining the length of the pendulum at different stations in. Great 
Britain ; and the writer has made some observations which seem 
to be founded in an erroneous view of some of Capt. Kater’s 
statements. At p. 343, the following passage occurs : 

Capt. Kater seems to have mistaken the import of Dr* 
Young’s statement, when he uses this correction for the attrac- 
tion of the * elevated part interposed l^tween the general surface 
and the place of observation/ nothing being said of le:e^w 
attraction caused by surnpindhtg matter. BdtGapt. 
the correction for the error produced by hSBs Idling 
point of observation.^’ > \ ^ 

On this passage 1 faav^ to remark, that Capt. Kaier dpes'iw 
apply the correci^n for’ the ^rror produced fey 
tkt point >t>f ohmHiion, Indeed the 

writer brings to support his charge is, diat Oajpt. K. sayd, • t™ 
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height of the station at Unst was found to be 28 feet above low 
water ; whence we have 0*12 for the correction, as deduced froiu 
the squares pf the distances from the earth’s centre ; and as the 
station at Unst was surrounded by hills composed of serpentine, 
I shall take 0*12 x a = 0*00 for the correction to be applied in 
order to obtain the number of vibrations which would be made 
at the level of the sea. — (Phil. Trans. 1819, Pnrtlll. p. 354.) 

Here it is surely obvious that he introduces the consideration 
of the nature of the hills surroundin*y his station, not for the pur- 
pose of applying a correction for their attraction, but as afford- 
ing a presumption of what might be the nature of the substratum 
of the place of observation ; — a consideration which Dr. Young’^ 
rule requires to be introduced, as the correction varies not only 
with the nalure ofthe eminence, but also with its density. 

Having thus attempted to make out that Capt. K. has mtsiahen 
and misapplied Dr. Y.’s nde, this writer next proceeds to find 
fault with the quant itjf deduced from the rule. After quoting 
Dr. Y.’s account of his correction from the Phil. Trans. 1819, 
Part I. p. 93, and stating that the correction for a tract of table 
land of a mile in thickness will be of the whole correction 
for elevation ; he proceeds to remark, If this be the case, w^e 
cannot perceive the grounds on which Capt. K. takes -i, only a 
little less thaiiyt‘\,- for the correction applicable to an elevation of 
28 feet, in the actual state of the superficial inequalities. We 
may have overlooked some step in his reasoning, or Dr. Y.’s ; 
but we feel bound to state our (iifficulty as it occurs.” 

There is doubtless sonic difficulty in the case ; but from Dr. 
Y.^s own words, it appears that he considers ‘‘ that for a ])Iace 
situated on an elevated tabic land of a mile in thickness, of the 
mean density of the earth, the allowance for elevation w ould be 
reduced to one-half ; ilhd in almost any country that could be 
chosen for the experiments, it must remain less than three 
fourths of the wdiole correction deduced immediately Ifom the?^ 
duplicate proportion of the distances from the earth's centre.” 
Thus the con’ection (as Capt. K. remarks) will vary according to 
the nature of the elevation, and also its density from one-half to 
three-fourths of the quantity before deduced. In any situation 
it will not be reducea less than one-half; nor more than three- 
fourths. These considerations seem to have been overlooked by 
this writer ; still, however, I do not mean to assert, that the 
numbers are absoktely correct. It is to be wished that both 
Capt. K. and Dr. Y. had given a more detailed account of the 
method of finding this correction. 

In a 6ubse<juent page (347), this writer observes; “ from the 
great 'distu|^thg force at Arbury Hill, we may infer that there 
exists very near ii a mass of mat.ter of considierable density. 
Capt^ K, conjectures that this mass is Mount which con- 
sists of and other rocks of primiwe formation are 

Situated injis vicinity.” 
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Now here it is to be observed, that Capt. K/s conjecture is 
misrepresented, as will be clear from a reference to his owa 
words, Phil. Trans. 1819, Part III. p.425: 

\t would be no improbable conjecture, that the sudden 
increase of gravitation, observed at Arbury Hill, may be occa- 
sioned by a rock of primitive formation approaching the surface 
of the earth in the vicinity of that station.'’ 

He then subjoins in a note, I find the conjecture I have 
hazarded remarkably supported by fact ; for on consulting 
Smith's Geological Map of England, it appears that Mount 
Sorrel, a muss of granite, is situated, together with other rocks 
of primitive formation, about 30 miles to the N of Arbury Hill.” 

This is surely veiy different from saying that the attracting 
mass is Mount Sorrel. That rock is b(3viously mentioned only 
to show the probability thatgianite may form the substratum of 
some point near the place of observation. 


Article XII. 

Proceedings of Philosophical Societies. 

ROYAL SOCIETY. A 

April 5. — A paper was read, On the Separation of Iron 
from other Metals,” by J. F. W. Herschel, Esjj. 

Mr. Herschel proposes, as the basis of a rigorous separation 
of iron from the metals not precipitated by su^huretted hydro- 
gen which it most usually contaminate^ (manganese, cerium^ 
nickel, and cobalt), a peculiarity in the peroxide of iron, in virtue 
of which it is incapable of subsisting in a neutral solution afc the 
boiling temperature. If a solution of this peroHde be neutral- 
ized when cold, and then heated, a portion is deposited in the 
state of a subsalt, and the liquid becomes acid. If allowed to 
cool, and again neutralized, a fresh portion of the metallic con- 
tents separates on re-applying the heat, and so on, till the quan- 
tity held in solution is no longer sensible to the mo^ delicate 
reagents. If, on the other hand, the neutralization be performed 
while actualh/ boiling, we attain this limit at one operatimi. 
Hence Mr. Herschel recommends the following proems : Having 
peroxidized, by means of nitric acid, a solution containing imn 
and any ofthe above-mentioned metals, drop iiitp white 
ing, carbonate of ammoitia, till the acid ir^ctidh is 
ttestroyed, and even going a little beyond thepoiid t^exactni^ 
tmiimtion. ilie whme the Iron to the 1^ 
rated, while tha liquid retains in solotina tfie metiffie 

oxides, as uodl as tfklmHute portion eftkeif (6 a 
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trifling excess of the alkaline precipitant. In the cases of cobalt 
and cerium, the alkaline carbonate may be added in considera^ 
ble excess without separating any of those metals, and their 
solution so freed from iron is then a most delicate test of the pre- 
sence of the latter metal. 

April 12.- — A paper was read. On the Mean Density of the 
Earth, by Dr. C. Hutton. 

At the same meeting a paper was read, On the Restoration of 
a Portion of the Urethra in the Perinaeum, by H. Earle, Esq. 

GBOLOGICAL SOCIETY. 

Feh, 16. — An introductory essay on the Geology of India, by 
H. T. Colebrooke, Esq. MGS. was read. 

The physical geology of India may be considered as resolving 
itself into three great divisions ; viz. 1 . The peninsular tract, 
which constitutes the south of India ; 2. The belt of flat country 
extending from sea to sea, and distinguished by the name of 
Middle India; 3. The continental mountains which form the 
northern limit of India, rising between the middle regioft and 
the vast e.\tent of Tartary, and extending more than of lon- 
gitude in a direction from WN W to ESE. 

In the cliainpaign countiy constituting middle India, three 
principal divisions may be noticed ; 1. The tract watered by the 
Ganges and its tributary streams ; 2. A Tract watered by the Indus ; 
and, 3. Tiie intermecHate desert, on which the Saras wat6 loses 
itself. 

Of this country, a striking feature is the total absence of pebble 
or rolled stones of any kind, except in the beds of the rivers, for 
a few miles after they quit tbe hills ; and the subsoil of the plain 
is every where earthy and comminuted, except in certain 
idstances, where nodules, or concretions, have been found. 

Throughout this extensive plain, there is neither mine nor 
quarry : the baliks of the river being usually precipitous on one 
side, and shelving on the other, exhibit sections of strata down 
to the level of their beds. Scarcely any other natural section is 
found ; and the sinking of wells, or boring for water, is the only 
opportunity which art presents for the examination of strata. 

The surface is every where aHuvial, and the strata, as far as 
they have been observed, are horizontal. Beneath the superfi- 
cial mould the subsoil is sand, clay, or loam in layers more or 
less intermixed, and distinguished by colour or texture. In the 
inferior strata of clay, nodules or concretions of the saxne sub- 
stance are sometimes met with. The upper strata of siliceous 
sand, as well as that found in the bed of the Ganges, generally 
abound in fragments of mica ; but in some places, beds of sand 
contaminated with salt, and in others, i^eds exclusively composed 
ef salt, are found. • 

In a irety tew sp<^s, and no great depth below the surfece^ 
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nodules of a calcaraous nature and irregular shape are met with, 
which, on calcination, afford an impure lime ; but throughout 
the low country, limestone is generally deficient. -4 hill at 
Manihari, in I^orth Bengal, being* one of tlie few instances of 
detached hills in the midst of this charnpaigne country, is a rock 
composed of rounded pebbles and angular nodules imbedded in 
a cement of like nature, but different colour. Both effervesce 
with acids, and the cement leaves the larger insoluble pro- 
portion. 

In some places, at a considerable depth below the surface ; 
for instance, at Calcutta, at the depth of oO to 35 feet, fossil 
wood not petrified, but more or less rotten and decayed, is 
found, and sometimes in large blocks. Vegetable petrifactions 
are also .sonietiines met with, and in particular siliciffed wood. 

Except fragments of shells abounding in the huviatile sand, 
no animal exuvne have as yet been found within the limits of 
the low country of Middle India. 

March 2. — Part of an 'K)utline of the .Geology of Russia,’' 
by tlfo lion. W. 1. II. F. Strangways, MGS, w^as read. 

" Of the Russian empire, the two great divisions, viz. Russia, 
prupeily so called, and Siberia, must be considered in a geolo- 
gical point of view, as perfectly independent of each other, the 
same houiidary dividing the two countries, and the two tracts of 
secondary fonuaUon belonging to them. The empire contains 
five principal mining districts; viz. two in Europe, tw'o in Asia, 
and one on the coniines of Russia and Siberia. Those in Euro- 
pean Russia are the northern or Finnish district, and the central; 
the Ibnner reaching from the gulf of Bothnia to the lake Onega; 
the latter stretching across the country, in an oblique direction, 
from the government of Kiilouga to that of Nishegorod. The 
border, or Oural district, comprehends the Oiiral mountains as 
far as they have been explored. The two mining districts that 
lie entirely within the frontier of Siberia are thqs^of Kolyvan, on 
the v/est frontier of China, and Nerchinsk, on the frontiers of 
China and Siberia towards the Pacific Ocean. 

In traversing Russia from north to south, we hud a great 
extent of primitive country comprehending Russia, Lapland, 
Old and New Finland, the northern parts of Careliaji^aad part of 
the governmentofOlonetz, and formings vidently a prolongation 
of that of Sweden, witK which its connection may be traced by 
the Isles of Aland, on. the soath by those^in the centre of tl^e 
Gulf of Bothnia, and by the Lapland chain of mauatains on the 
north. Qf this district, the nortliem parts are said to 
principally of trap rocks, the ccrntml of 
ties of schistose rocks ; while the JdO|[^afn 
entirely of granite. i 

The islands of Pargas m the Gulf of 
south of Abo, present in general tjhe main 

knd, beingin fwt bat continaatkma of^e .y&t' ^tiie costuwit;# 



f 


392 Proceedings of Philosophical Societies, [May, 

,0n one of the principal islands of this group, the mineral, known 
by the name of pargasite, is found in one or more large veins of 
white primitive limestone which traverse the island from side to 
side, and which seem to bear some analogy with respect to their 
geological situation, and their external characters, to the lime^ 
stone of the Hebrides, especially in the Isle of Tirey. The 
country through which this limestone passes is gneiss, the 
fissures of which are in a direction parallel to the course of the 
vein. The breadth of the vein varies from 20 to 100 feet. 

ASTRONOMICAL SOCIETY. 

Apj^il 13 , — A paper, from Mens. TS'icollet, of the Royal Obser- 
vatory at Paris (communicated by the Foreign Secretary), was 
read this Evening : it contains his own calculations of the 
elements of the comet lately discovered by liim in the Constella- 
tion Pegasus ; they are as follows, viz. 

Perihelion passage, March 21 9° 33^ 7" Paris time 

Perihelion distance 0d)91113 

Log. Perihel. dist 8*9595327 

Longitude of ascending node 48° 32' 12" 

Longitude of perihelion (on the orbit) 239 18 37 

Tnclmation of the orbit 74 10 53 

Motion retrograde. 

A paper likewise on the same subject, transmitted to the 
Society by Dr. OJbers, one of its associates, was read ; it con- 
tained tlie following elements calculated by Professor Encke, of 
Seeberg, by Professor !Nicolai, ofManheini, and by Mens. Von 
Staudt, of Gottingen. 


Prof. Encke. Prof. Nicolai. \ M. \'^onStauclt. 

PerihcI. passage .. Mar. 21. 405 Mar. 21. (iOlOjMar. 21. G02G 
M.T. Seeberg. M.T.ManheimlM.T. Getting. 
Long, of perihel... 1239° 20' 45" 239° 34' 5"i239° 36' 0" 

Log.' perihel. dist. . 8*95966 8*96466 8*9^41627 

Long, ascend, node! 48 34 37 48 43 34 48 45 44 

Inclination of orbit. 74 5 0 73 23 15 73 16 33 

Motion retrograde. 

In this paper also allusion is made to the anomalous appear- 
ance lately observed on the moon’s disc, of which it will be 
remembered that an account was presented to the Royal Society 
Capt, Kater. The Doctor, however, differs 
from; ^^|^]oritish philosopher as to the cause of the phenomenon;, 
wt consider it voloanm^ , 

: of, an improved. Repeating by 

Dollond, FES. and member or this Sooiefy, was then 
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read. Its advantages over others are obtained by applying a 
transverse axis to the telescope and declination circle, thereby 
giving them all the perfections of the transit instrument, without 
diminishing their repeating properties ; and by the application of 
two levels alternately becoming finders to the telescope, which 
render the back semicircle unnecessary, a contrivance which 
saves much loss of time when repeating zenith distances. The 
instrument is also constructed to repeat in azimuth, and is fur- 
nished with a very delicate level, as a check upon the horizontal 
circle, and which answers all the purposes of an under telescope. 
The object glass of the telescope is of two inches diameter, and 
17 inches focal length : with it the pole star may be distinctly 
observed in the day time. The angles are read off to every 
tenth second by verniers and fixed microscopes. The instrument 
differs from all others previously made ; is furnished with every 
requisite for ascertaining vertical and horizontal angles, and 
which, if taken singly, may be, in the author’s opinion, as 
correctly obtained by this, as by any instrument of the same 
dimensions not possessing the repeating principle. 


Auticle XIIL 

SCIENTIFIC INTEELIGKNCE, AND NOTICES OF SUBJECTS 
CONNECTED WITH SCIENCE. 

I. Purple Powder of CyCissius. 

Dr. Clarke, of Cambridge, has recently examined the purple pow- 
der of Cassius ; and from his experiments, he concludes, that the bina^ 
compound which he analysed consisted of the oxides of tin and gold, 
and contained these oxides chemically combined in the exact propor- 
tion of three parts of tin to one of gold ; and that the alloy of the two 
metals obtained by the fusion of 100 parts of the purple powder 


would yield 

Metallic tin 75 

Metallic gold 25 

100 

Because 8-lOths of a grain of the alloy yielded 

Metallic tin, 0*6 

Metallic gold. 0*2 


Dr, Clarke also infers, that in precipitatin| the 
Cassius frijm the muriate d^oldi by means of ^ 
two metals, tin and gold* are thrown dowo as 
do not chemically combine k a conslam 

offier ; that the quantity of tin always ex<kedi AiiNw and tint 
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the difference observable in the hues of the precipitate made at differ- 
ent times is to be ascribed to the different proportions in which the 
oxides of the^two metals have combined together, and, perhaps, also 
to their different degrees of oxidation, — (Transactions of the Cambridge 
Philosophical Society.) 

II. Qua?itit^^ 0 / Copper raised in Connvall, 

In Six Months ending June 1819. 

The produce of 58 mines, 3327 tons; of which, 1736 tons were pro- 
duced by six mines as under : 



Ore. 

Copper. 

United mines 

, . . 5005 tons . . . 

.... 419^' tons 

Abraham, &c. . , 

. . . 5496 

3y5 

Dolcoath 

. . . iTOt 

3454- 

Treskerby 

.. 2313 

.... 197 

Wheal Squire 

. . 2353 

.... 1954 

Crennis 

. . 2107 

.... 1834^ 


22278 

1736 


Produce of the ore about 7 J per cent. 
Price of copper, 131/. per ron. 


In Six Months ending Dec, 1819. 


The produce of 74 mines, 
duced by six mines as under 

3477 tons ; of which. 

Ore. 

1768 tons were pro- 

Copper. 

United mines 

. . 5817 tons 

. . 482 tons 

W. Abraham 

. . 5G55 

. . 395 

Dolcoath 

. . 5305 

.. 375 

Wheal Squire 

. . 2053 

. . 188 

Treskerby 

.. 2170 

.. 185 

Wheal Unity, &c.. ..... 1873 

22873 

Produce of the ore about 74 per cent. 

Price of copper 124/. per ton. 

.. 143 

1768 

In Six Months ending Jane 1 820. 

The produce of 6S mines, J 
duced by six mines as under 

354,5 tons; of which, 1760 tons were pro- 

Ore. 

Copper. 

United mines 

. . 5798 tons 

. . 511 tons 

Dolcoath 

. . 5438 

.. 406 

W. Abraham, Slq 

. . 52})8 

.. 364 

Treskerby 

. . 2206 

.. 223 

Wheal Unity, &c 

Whed Squire. 

. . 1693 

.. 130 

.. 1415 ...... 

126 


218*8 

1760 

Produce cfdlie.creabout 6 per e^t. 

Pnc90f copper, 114/. per ton. 
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In Six Months ending I)cc, 1 820. 

The produce of 72 mines S962 tons, of which, 1891 tons were pro-^ 

j I* _• I. • * 


*' > 

Ore. 

Copper. 

United mines 

. , 5594' tons . . . . 


Dolcoath 

. . * , 

403 

Wheal Abraham, &c. 

.. 5069 . . . . 

388 

Treskerb)^ 

2199 

213 

Wheal Drew ollas. . . , , 

.. 2074. 

205 

Pembroke 

2til2 

.... 201 


23213 

1891 


Produce of the ore about 8 per cent. 

Price of copper, 113/. iOi*. per ton. 

General liclurn of Copper raised in England and Ireland. 


One Year ending June 1819. 



Tons. 

Cwt. 

Qrs. 

Cornwall 

6974 

2 

2 

Anglesea 

564 

0 

0 

Devon 

433 

0 

0 

Ireland, Ecton, and other 




mines in Staffordshire 




and elsewhere* ....... 

596 

JO 

3 


8567 

13 

1 


One Year ending June 1820. 



Tons. 

Cwt. 

Qrs. 

Cornwall 

6915 

4 

1 

Anglesea 

561 

0 

0 

Devon 

414 

0 

0 

Ireland, Ecton, and other 
mines in Staffordshire 
and elsewhere’"^ 

813 

11 

1 


8703 U 2 


III. Native Hydrate of Magnesia, 

The native hydrate of magnesia was first discovered, and ranked as- 
a separate mineral, by the late Dr. Bruce, of New York. It was found 
only at Hoboken, in New Jersey, Ikaversing serpentine inall directions 
in veins of from a few lines to two inches in thickness# 

Dr. Hibbert found this substance in 1817 at Bwinaness, in Unst,one 
of the Shetland Isles, traversing serpentine in all directions, being 
mixed with the magnesian carbonate of lime, and loYkiung yeins from 
half an inch to six or eight inches brimd. 

CSjlernwrofaftoroW#— Hydras 0|itii% »» 

• Partof ilih qaaati^ kham Corswali^ 

makelMii. * < ‘ • '''■ 



396 Scieniijib intelligence. [May, 

muriatic, nitric, and dilute sulphuric acids ; and from its solution in 
muriatic and sulphuric acids, the deliquescent salt of muriate of mag- 
nesia and regular crystals of sulphate of magnesia were obtained. On 
some occasions, a ver}^ slight effervescence takes place ; but this no 
doubt arises from adhering particles of carbonate of lime, or from a 
small quantity of carbonic acid, which may have been absorbed by 
exposure to the atmosphere. 

The following analysis of this mineral has been made by Dr. Fyfe : 


Magnesia 69*75 

Water 30*25 


100*00 

, (Edinburgh Philosophical Journal.) 

IV- Results of Experiments, iviih a Magnetimcter invented by Mr, 

Scoreshy, 

1. Iron bars become magnetical by position, excepting when placed 
in the plane of the magnetic equator ; the upper epd. as regards the 
position of the magnetic equator, becoming a south pole, and the 
lower extremity a north pok?. 

2. No attraction or repulsion appears betw^een a magnetized needle 
and iron bars; the latter being free from permanent magnetism, 
whenever the iron is in the plane of the magnetic equator; conse- 
quently, by measuring the angle of no- attraction in a bur placed north 
and south, w'e discover the magnetic dip. 

3. Before a magnet can attract iron, that is totally free from both 
permanent magnetism and that of position, it infuses into the iron a 
magnetism of contrary polarity to that of the attracting pole. 

4. A bar of soft iron field in any position, except in the plane of the 
magnetic equator, may be rendered magnetical by a blow with a 
hammer, or other hard substance ; in such cases, the magnetism of 
position seems to be fixed in it so as to give it a permanent polarity. 

5. An iron bar, with permanent polarity, when placed any where in 
the plane of the magetic equator, may be deprived of its magnetism 
by a blow. 

6. Iron is rendered magnetical if scowered or filed, bent or twisted, 
when in the position of the magnetic axis, or near this position ; the 
upper end becoming a south pole, and the l^wer end a north pole; 
but the magnetism is destroyed by the same means, if the bar be held 
in the plane of the magnetic equator. 

7. Iron heated to redness, and quenerhed in water, in a vertical 
position, becomes magnetic ; the upper end gaining south polarity, and 
the lower end north. 

8. Hot iron receives more magnetism of position than the same 
when cold. 

9* A bar*fnagnet, if hammered when in a vertical position, or in the 
position of the magnetic axis, has its power increased if the south 
pole be upward, and loses some of its magnetism if the north end be 
upward. 

K)« A bar of steel, without magnetic virtue, has its magnitude 
of position fixed in it by hammering it when in a vertical position ; and 
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loses its magnetism by being struck when in the plane of the magnetic 
equator. 

1 1 . An electrical discharge, made to pass through q bar of iron, 

devoid of magnetism, when nearly in the position of the magnetic 
axis, renders the bar magnetic ; the uj)pcr end becoming a south pole; 
and the lower end a north pole ; but the discharge does not produce 
any polarity, if the iron be placed in the plane of the magnetic equar 
tor. The effects appear to be the same, whether the discharge be made 
on the lower or upper end of the bar, or whether it is passed longitu- 
dinally or transversely through the iron. ^ 

12. A bar of iron possessing some magnetism has its polarity dimi- 
nished, destroyed, orinverted, ifan electric discharge be passed through 
it, when it is nearly in the position of the magnetic axis, provided the 
south pole of the bar be downward, while its magnetism is weakened, 
or destroyed, if it receive the shock when in the plane of the magnetic 
equator. 

13. Iron is rendered magnctical, if a stream of the electric fluid be 
passed through it, when it is in a position nearly corresponding with 
that of the magnetic axis ; but no eftcct is produced, when the iron is in 
the plane of the magnetic equator. — (Edinburgh Philosophical Journal.) 

V. Dissection of Crystals, 

M. Faraday found, thag^ those specimens of sulphuret of antimony 
which are crystallized in large crystals, crossing each other, admirably 
illustrate Mr. DaiuelPs mode of displaying crystalline texture by dis- 
section. On introducing such a piece of sulphuret into a portion of 
fused sulphuret, and continuing the heat, it begins to melt down ; but 
so far from this taking place uniformly at the surface, crystals will 
sometimes be left more than half an inch long projecting from it; and 
in other places, the cavities left by fused crystals will be so large, and 
have such perfect surfaces, that the angles they form with each other 
may be readily ascertained. In order to observe these effects, it is 
only necessary to remove the half fused piece of sulphuret from its hot 
bath, and allow it to cool.— (Institution Journal.) 


Article XIV. 

NEW SCIENTIFIC BOOKS 

PREPARIWO POR POBUCAllOir* 

Mr. Swainsonis preparing for j^blication, Exotic Cotidliblogy, ft 
Work to consist of coloured Plates of rare and nondescript Shells* 

A General History of Birds, by J* latham, MD. itc, Ailtbor df the 
Synopsis of Birds, drc. ; '''' 

The FcMssils ofthe South Downs ; or Ouilittes 
South Eastern Division of Sussex, by Gideon Maiitdl, FLS. J ^ " 

^OtT POaUSBED. 

A Maniual of the Diseases of the 

end Fordgn Works ; Uansli^ed tiie Gennan of Dr* Weller, and 
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illustrated with Cases, By G. C. Monteath, MD. Illustrated by four 
highly coloured Plates, and one Pl^e of Instruments, 2 vols, 8vo* 
ll lOf. 

Practical Observations on Midwifery, By John Ramsbottom, MD, 
8vo. Part I. 10^, Qd. 

The History of the Plague, as it lately appeared at Malta, Gozo, Sec. 
By J. D- Tullv, Esq. 8vo. 

A Practical Treatise on the Inflammatory, Organic, and Sympathe- 
tic Diseases of the Heart ; also on Malformation, Aneurism, Sec, By 
Henry Reeder, MD. RMS. Edin. and MCS. Lend. 

The ninth Number of Ferussac's Natural History of Land and 
Freshwater Shells is ]ust published. 

Useful Knowledge, or a Familiar Account of the various Produc- 
tions of Nature, Mineral, Vegetable, and Animal. By the Rev. W. 
Bingley, AM. Third Edit, vols. J2mo. J/. J.y. 

, Transactions of the Cambridge Philosophical Societj*. Vol. I. 
Parti. 4to. ]/. 

Illustrations of the Linnaean Genera of Insects. By W. Wood^ 
FRS. FLS. Part I. with 14 coloured Plates, 5s. to be completed in 
six monthly Parts. 

The Natural History System of Mineralogy. By Frederick Mohs, 
Professor of Mineralogy, Freiberg. Svo. 65 . (^d. 


Article XV. 

NEW PATENTS. 

Thomas Masterman, of Broad-street, Ratcliffc, common brewer, for 
certain machinery for the purpose of imparting motion to be worked 
by steam and water, without either cylinder or piston, and with less 
loss of power than occurs in working any of the steam-engines now in 
use.— Feb. 10, 1821. 

Robert Stein, of Walcot-place, Lambeth, for certain improvements 
in steam-engines. — Feb. 20. 

James Foster, of Stourbridge, iron- master, for certain improvements 
in the manufacture of wrought malleable iron. — Feb. 20. 

Henry Penneck, of Penzance, MD. for an improvement, or im- 
provements, of machinery to lessen the consumption offuel in working 
steam-engines. — Feb, 27. 

Robert Burton Cooper, of the Strand, London, for improvements 
on, or a substitute for, stoppers, covers, or lids, such as are used for 
bottlesi tobacco, and snuff-boxes, ink-holders, and tariousother arti- 
cles requiring stoppers, covers, or lids —March 3. 

Jonathan Dickson, Holland-street, Blackiriars, for valuable improye- 
ments in the means of transmitting heat, and also in the means of 
tnpsmitting cold.from one body to anotlier, whether soli^t or fluids* — 
MiriA 8: . 

William Frederick Collard, of Tottei^am-court-road, for certain 
improvemeJUs on musical instruments called piano-fortestT^Mardi 8. 
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Article XVI. 


METEOROLOGICAL TABLE 


’ B AHOM I'T ER. ThERMOMET ER. 

' Max. 1 IMin. 1 Max. I Min. 


Lvap. Ram. 9 a.m. 


3d Mon.; 

1 i 


March IS 

E 2.9-88 29- 4.4: 

48 

2S 

W,29'90 29 82| 

51 

3S 

W,Q9 82,29*701 

52 

4S 

■W29-83 29-7() 

54* 

5 N 

E 30-02 29-83| 

35 

6S 

E 29 S929'6'3 

45 

7 

W Q9-6's'29-35 

53 

8N 

w:29-6\i 21^2 

52 

9 

W ,29-6'7 2^63 

54 

10 s 

Wi29-84.29 6'7 

58 

ns 

W 29\97 29*84 

55 

12 Var. j30 05 2.9'i)7i 

54 

13S 

W 30*1 1 30 05 

.56 

14‘ 

N '30-38 30- U 

49 

15N 

E 30-38 30-30 

51 

j6 ’‘ Var. 130-30 30 10 

53 

i7;n 

Eiso - 10 29-57 

55 

l.siN 

W|29-57 29*34 

49 

19:N 

W| 29*36' 29-31 

45 

20:N 

Wi29 36'29-35 

1 47 

21 N 

w!297I 29-36' 

46 

22 N 

W|30- 10 29-71 

47 

23;N 

W 30-10 29 88 

47 

24l 

S 29-88 29-47 

1 

25, S 

W 29-68 29*47 

51 

26|S 

W29-6s 2.11-39) 

50 

27S 

w 29*39 29’26' 

48 

28S 

£129*2629*12 

1 58 

29'S 

w 29-6329-12 

47 

30|S 

■W 29-65 29 42 

50 

3l|S 

W 29-60 29*39 

5i 

1 

30 3a 29*12 

58 


08 70 


07 67 


The obserratiiMQs In each line ^ tabU tffUfU n M hoati^ 

begiinang at 9 A* M. on the dbf inAialed hi tne fiiai cmi^ ' A iMi 
thcreauh iaWI^MhitheReatfaliowjhitgobier ^ ^ 
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REMARKS. 


Third Month , — I. ('loudy. 2. Showery afternoon. S, 4. Rainy. 5. Cloudy. 
6. Rainy. 7. Fine day: rainy evening. 8. Fine. 9. Showery. 10. Showery. 
11, 12. Fine. 13. Fine morning : a slight shower of hail about noon : lunar halo in 
the evening. 14. Fine; lunar corona. 15. White frost: fine: a very distinct 
lunar halo, slightly coloured. 16, 17. Fine: white frosts in tlie morning. 18. Bois- 
terous: frequent showers of mingled hail, snow, and rain. 19. Windy: hail. 
20. Windy: cold. 21. Cloudy. 22. Hail. 23. Fine. 21, 25. Showery. 26. Fine 
day : boisterous night. 27. Boisterous. 28. Rainy : windy. 29. Showers. 
30. Fine; rain at night. 31. Rainy. 


RESULTS. 

# 

Minds ; N, 1 j NE, 3; SE, 3 ; S, 1 ; SM% 12 ; AF, 2 ; NM% 7 ; Var. 2. 


Barometer ; Mean height 

For the month 29:7 10 inches. 

For the lunar period, ending the 26tli 29*765 

For 14 days, ending the 4th (moon south) 29*989 

For 14 days, ending the 15tb (moon north) 29*866 

Thermometer : Mean height 

For the month 42*7 58® 

For the lunar period.. 41*448 

For 30 days, the sun in Pisces 39*383 

Evaporation 1*86 im 

Rain 2*02 

Mean of hygrometer. 77® 


The mean temperature of this month, by Six’s Thermometer, at Tottenhamy 
wat43*dX2®; and the rain for that station, 3*44 inches. ' 


Lebjratorify Stret/ordy Fourth Monthy 20, 182L 


B. HOWAm 



ANNALS 


OF 

PHILOSOPHY. 


JUNE, 1821. 


Article I. 

A Mathematical Inquiry into the Causes, Laws^ and principal 
Phamomena of Heat, Gases, Gravitation, By John He- 
rapath, Esq. "(In a Letter to D. Gilbert, Esq. MP. VPRS. &c.) 

(Concluded from p. 351 ,) 

General Scholium. 

Sudden condensation in all gaseoua or aeriform bodies pro- 
duces heat, and sudden rarefaction cold ; but if the condensation 
or rarefaction be made slowly, no perceptible change in the 
temperature takes place. These are natural consequences of 
our theory of the constitution of gases. For if it be a condensa- 
tion, by the motion inward, for instance, of one of the sides of 
the containing body, it is evident that the particles which strike 
against this side and are reflected back among the rest, will no 
longer be reflected by the same force only, with which they 
were previous to the commencement of the condensation, but by 
a force, which will augment their velocity individually by a 
quantity equal to the velocity of the moving side* And this 
excess of velocity being distnbuted to the rest of the paiticles, 
or communicated to them by the continuance of the sti^e, will 
generate an excess of temperature throughout the medium pro- 
portionid cinefly to the velocity of eondensation* Ola tlie 
trary, in the ease of rarelsction, those partieles, instead of 
returning among the rest with the celerity wi& wUdi they did 
before the side ^gan to move, will now retujnt wit& i 
tioii of their v^ity, equal to the velocity oflk t^vfog^side^ 
This diniinuticm must^ therefore^ cause a decrease of temp^- 
New Series, vot. i* 2 c 
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lure in the medium, in the same manner as the excess of velocity 
would cause an increase. In both these cases, the excess or 
defect of temperature will be proportional to the celerity of con- 
densation ol‘ rarefaction, suOTOsing the time occupied by the 
change of volume to be of sumcient length for the stroke to be 
propagated to all parts of the medium. Therefore, if the celerity 
of the stroke be great, a great change in the temperature will 
ensue ; and if it be small, there will be little or none. 

Our theory of gases likewise explains another phsenomenon, 
which has usually been attributed to a different cause. It is 
w ell known that if tw^o gases be placed in any position with 
respect to each other, and have ever so small a communication, 
they will intermix, and become ecpially didused the one through- 
out the other. This has been accounted for on the principle that 
all gases have a slight affinity for one another, or in other words, 
that though the parts of all gaseous bodies individually consi- 
dered mutually repel each other, yet the parts ofdiftereiit gases, 
however great or however small that difierence may be, mutually 
attract each other. It. is repugnant to my intention to attempt 
any refutation of this idea, or to make any observations on the 
confusion that would result from thus burthening nature with 
hypotheses ; I shall, therefore, merely show" that the phamonie- 
non in question is an easy consequence of our theory. Suppose 
that portions of the surfaces of two media ai’e exposed to each 
other, and that parallel to these portions the media are divided 
iiilo strata. Then because a ditference in the numeratoins, a 
difierence in the motions of the particles of the two strata, or a 
cornered irregular figure in the particles, would render it impos- 
sible for the particles pf one stratum to be so reflected by 
the particles of the other, that each stratum would retain its 
particles entire and unmixed with those of the other, the two 
strata would intermix ; and w^ould not arrive to a state of equili- 
brious action, until the particles were uniformly and equally 
disposed in each stratum. For the same reasons, these newly 
compounded strata would mix with their next ; and thus it 
would go on stratum intermixing with stratum, until an eqiuili- 
brious action throughout was restored, by the equal and uniform 
intermixture of the two gases. 

By the same principles it is easily perceived, why gases so 
readily acquire tlie temperature of the surrounding bocUes ; why 
they transmit temperature so rapidly and so feebly in right lines ; 
and why, according to the manner in which Mr. Leshe, Sir H. 
Davy, and MM. Dulong and Petit, have made their experi- 
m^ts, it is owing to tlie gravitation of the gases alone, that the 
lighter gases cool bodies immersed in them quicker than the 
heavier^ When I first turned my attention to the cooling power 
of gases, I was surprised to find from my theory, that an gases, 
under the saijae oirdumstances, ought to cool equally fast. This 
inference for some time perplexed me very much. As soon. 
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however, as I had read the ingenious treatise of Prof. Leslie on 
Heat and Moisture, and had considered anew the manner in 
which Sir H. Davy had conducted his experiment!^ which were 
about that time published, 1 saw that the theory and phsenomena 
still agreed ; ana that the circumstances of my investigation pre- 
cisely coincided with Mr. Leslie’s cooling by gaseous pulsation; 
while the error that I had committed, with respect to Sir H. 
Davy’s experiments, rested wholly on my not having taken into 
account the earth’s attraction. 

Their temperatures and elasticities being the same, the ratio 
of the numeratoms of two homogeneous gases appears by our 
theory to be equal to the subduplicate ratio of the weights or , 
specitic gravities of equal volumes.* Supposing, therefore, that 
oxygen and hydrogen arc homogeneous (the truth* of wliich in 
oxygen 1 much doubt), the numeratom of the former will be 
quadruple that of the latter. So that if two in volume of liydro- 
gen unite with one in volume of oxygen to form water, the 
atoms of oxygen will be double in number those of hydrogen ; 
and the numeratom of the compound gas before being condensed 
will be the geometrical mean between the numeratoms of the 
two simples. It has commonly been conceived that two atoms 
of hydrogen and one of oxygen form a particle of water ; but 
whether this, or whether the result of our theory, or whether 
neither of them be true, it is out of our power to determine. 
Such kind of speculations transcends the corroboration of any 
experiment yet devised. 1 simply mention this theorem, which 
is one among several that I have investigated, relative to the 
mixture of gases, to give some small idea of the powers of our 
theory of the universe for unravelling the secret operations of 
nature. 

By the same theory I have found that if equal portions of the 
same gas be mixed together at different temperatures F, F,, 
accounting in degrees of Fahrenheit, according to the indica- 
tions of the air thermometer, the mean resulting temperature 
F,, of the mixture, measured on the same scale, and no 
extraneous force interfering, will be equal to (448 -p F) x 



448 + F, 
448 + F 
2 



448, t supposing P to represent the 


degrees at the lower, and F, those at the higher teaq>erature. 
And if the volumes, instead of being equal, be in the ratio of u 
to 1 when the temperatures and elasticities are equal, then 
by a mixture at different temperatures, Fh as (448 + F) x 


« Oimm was published ia a mragenenil iam in ihe AmmU ^ 
for Juljr, 1816, < • 

448 represents degree of absolute eold below the zero of Fabzenhelt, employmg 
the Mr thermometer, and esdmadng in Fabreidiat't tesSe of deg^M* 

2 c 2 • 
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Hence if equal portions of the 


same gas be brought to the temperatures of water freezing and 
boiling, and mixed together, F = 32, F, = 212, and F„ will be 
found = 118 a®. Between these temperatures, the variations in 
volume of mercury and gas have been found to be perfectly 
equal ; therefore, if, instead of gas, equal portions of mercury, 
water, or any other fluid be mixed together, the temperature of 
the mixture by Fahrenheit’s mercurial thermometer should be 
118 a®. De Luc, as I have read in Dr. Ure’s paper published in 
the Transactions of the Royal Society for 1818, by mixing equal 
portions of water at those temperatures, obtained a mean of 1 19®, 
which so nearly agrees with what has been computed from 
theory, tliat the diflerence may reasonably be ascribed to the 
observation. It must, however, be coniessed, that the experi- 
ments of Dr. Crawford do not conflrm those of M. De Luc. 


According to that philosopher, the resulting temperature is 
122°; that is, the arithmetical mean of 212° and 32°. It is, 
however, a question, whether the experiments of De Luc are not 
entitled to considerably more confidence than those of Craw- 
ford. The object of the two philosophers was the same ; 
namely, to determine, vdiether equal increments of temperature 
are accompanied with equal expansions ot‘ volume ; and hence 1 
should think that De Luc, as soon as he perceived the anomaly, 
left no means unessayed, which repeated and careful experi- 
ments could afibrd him, to satisfy himself of its existence, before 
he ventured to publish a circumstance so contrary to the general 
opinion of philosophers. But with respect to Dr. Crawford (an 
account of whose experiments also on this subject I have unfor- 
tunately not seen), he appears, from M . Biot s Traite de Physique, 
tom. iv. /p. 700, not to have followed one of the most likely 
methods to ensure accuracy : 11 acherche ii le faire (that is, a 

correction for the loss of temperature) en observant la loi du 
refroidissement progressive du melange, et s’en servant pour 
restituer, par le calcul, le chaieure qu’il avait du perdre dans les 
premiers moraens.’’ It would, in my opinion, have been much 
better to prevent, Ihan to ha^ e had to account for, this loss. 
But without discussing the merits of the methods of either phi- 
losopher, the subject of determining whether the increments of 
temperature and volume are proportional, as it respects future 
discoveries, is of the first consequence ; and I, therefore, beg to 
submit the settling of so important a point to the consideration 
of the Rojral Society ; and shall feel myself honoured if it a^ear 
worthy of their attention. 1 should not trouble the Royal 
Society if I had apparatus upoH which 1 could depend for trying 
an experiment of such delicacy. Unh&ppily I liave not only no 
thermometers myself sufficiently good, but I know of no one in 
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this neighbourhood who has; nor is there at present any 
Society in Bristol to which I could apply for assistance, though 
from the spirited exertions now inalting, there is reason to 
believe, we shall soon possess one that will be every thing we 
could wish. 

For making an experiment* of this kind, I know of no body 
better than mercury, which is fluid at a very low, and boils at a 
very high, temperature. If two large and equal portions of this 
■fluid, at the temperatures intended, were rapidly poured into a 
thin smooth vessel, previously brought to the expected mean 
temperature of the mixture, or a degree or two higher; and if 
the lempemture of the mixture was taken ^by two thermometers, 
the one two or three degrees lower, and the other about as many 
degrees higher than the computed mean, I think the obstacles 
to success, pointed out by M. Biot, might be avoided; and this 
great problem, with one or two repetitions of the experiment, 
be resolved to a considerable degree of accui-acy. Could the 
experiment be made in an atmosj)here just above the tempera- 
ture of the mixture, it would prevent any error arising from 
radiation, &c. ; and if the vessel into which the portions of 
mercury are poured be but little larger than sufticient to hold 
them, and spherical, it would subject the experiment to the least 
influence of the matter of the vessel. But if the experiment can- 
not be made in such an atmosphere, it would be advisable to 
cover the whole apparatus for a few minutes, until the tempera- 
ture could be equally diffused, with a polished metal cover, 
which w^ould tend to prevent any loss of temperature by the con- 
tact of air, or by radiation. These and some other precautions, 
which circumstances would easily suggest, would, it appears to 
me, ensure to the experiment all the success of which, perhaps, 
it is capable. ^ 

Wlieu the difference between the temperatures of the portions 
of fluid mixed exceeds 1 80^ of Fahrenheit, the arithmetical and 
computed means difler from each other by a quantity which 
increases ranch faster than the difference of the temperatures. 
If equal portions be mixed at the tempera tiyres of — 33® and 
-f 300®, the value of F,, will come out 121-32°, while the arith- 
metical mean is 133’o®; 'that is, upwards of 12® in excess. 
Within these limits, mercury and air go on xie^xiy pari passu, the 
volume of mercury at the higher temperature being only about 
2*34® greater than that of air. But our theory seems to be inde- 
pendent of all considerations of proportional variations of volnme; 
the only precaution necessaiy appears to be to measure the 
temperatures by the air thermometer instead* of the eotnmonr 
mercurial, if mercury at 7® aid -f 641® be ml aed, thdcom- 
puted mean temperature Vill be no less than '36^ below the 

♦ I h«ve liikot ttioceeded in WMoae eiiMvimeati nf in 

ineccnry, and have faimd the mean tfrof let mjr 

and twe ot th hnc% not more thim ab^ toe one«tei^ of a 
tihc old beiik^ degmee. * . < > ^ \ " 
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arithmetical mean. Such a difference as this would be extremely 
striking an4 decisive ; but whether those extreme temperatures 
can be operated on, I leave others to determine. Other circum*- 
stances being alike, the most advantageous method of making 
the experiment is when the volumes mixed together are equal. 

In any homogeneous fluids the same principles will enable us 
to discover the ratios of the nuracratonis and the magnitudes of 
the particles. On the supposition that mercury and water are 
homogeneous fluids, I have found, from the best experiments I 
can procure, that the ratio of the nuiueratoms of mercury and 
. water is about equal to that of 1 to 2, and the ratio of the mag- 
nitudes of the particles equal to about that of 27 to 1, and, 
therefore, the ratio of their diameter^*, supposing them similar, 
about that of 3 to 1. This greater nunieratom of the water is 
indicated by the mean temperature of the mixture of equal parts 
of mercury and water always being in favour of the temperature 
of the water ; and the excess of magnitude in the particles of 
mercury, by its less disposition to be aflected in volume by 
changes of temperature. 

Taking tliesc numbers for correct, I find that if a given 
volume of mercury at the temperature of 100° Fahrenheit be 
mixed with an equal volume of water at the temperature of 40®, 
the temperature of the mixture should be ; by Dr. Henry, it 
is 60°. And if the same iemperaturevS be taken, but the water 
be put at the higher, and the mercury at the lower temperature, 
the mixture should be at 79-1.° : Dr. Henry says it is nearly 80°. 
If two volumes of mercury and one of water be mixed at the 
temperatures of 100° and 40°, it matters not whichever of them 
has the higher temperature, the temperature of the mixture 
ought to be about 09,}°; by the above author, it is 70°. An 
equal coincidence holds good in the otlitu* cases mentioned by 
Dr. Henry. Therefore, w hat has been usually attributed to ‘Hhe 
capacity of bodies for caloric,'’ appeys to be explicable on the 
theory of their numerutoins, that body whose particles are the 
smaller and more numerous, being that which has been supposed 
to have the greater capacity for caloric ; ” and vice versa. But 
to be more certain of this, it would be necessary to make fresh 
experiments with a greater diflerence of temperature. Suppos- 
ing the aforesaid ratio of the numeratorns to be and that 

water and mercury are homogeneous fluids, I find, if equal parts 
of mercury and water are brought to the temperatures of 40° 
and 212°, and then mixed together, the resulting, temperature 
should be 151|.°, when the water has the higher temperature, 
and 944° when it has the lower. The arithmetical mean of 212° 
and 40? is 126°, which is #1^° above 944 .°,. atKl only 25|.° 
below 1 If temperatures be^° and 200°, the amxiureB 
will be 91° and 144°, in which the distances from the mean are 
^ 29«aiid 4^ 24. 1 have not tried these enipeviments fiW'tfae 
reasom I hav^e riveti before, but I would thank at^ one who 
vrofild ; and should be stifi more obliged to faimif be would haw 
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the goodness to send me the results of these and any accurc^te 
experiments of the kind. 

llie same principles might easily be extended to* solids ; but 
sufficient has been said for the limits of a mere memoir on this 
part of the subject. I shall, therefore?, now briefly, offer one ot 
two observations for Miicli a distinct liypothesis has been con- 
trived ; namely, the hypothesis of latent heat,*' It is generally 
admitted, 1 believe, that when gases or vapours become fluids, 
two or more of their atoms or particles unite together to form a 
particle of the fluid ; and that when fiuids become solids, a still 
lurther aggregation of the particles takes place ; so that fluids 
are solids resolved into simpler elements, and gases solids 
resolved into still simpler, or, perhaps, their siui])le«t elements. 
This l)eing granted, it follows, that if two or more atoms or 
parts of the gas unite together into one, the motion of this one, 
being compounded of the motions of the otliers which compose 
it, will be greater than the motions of either of the constituent 
parts before the aggregation. Therefore, if the temperature of 
the bodies in eacli of the three states be measured by the motions 
of their constituent parts, then when a gas by any means 
becomes a fluid, the aggregated parts of the fluid will have a 
greater motion than the parts of the gas ; and consequently its 
temperature for a little while will be higher. For the same 
reason the temperaUire will be raised in passing from a fluid to 
a solid state ; and in all cases the increase of temperal urc in 
passing from a gaseous to a fluid, or from a fluid to a solid state> 
will be proportional to the aggregation of the particles ; so that 
in either change of state, the greater the number (d* particles 
that unite, the greater the rise of temperature. And conversely, 
an augmentation of temperature being produced by a union of 
particles, a diminution must be produced by a separation pf them ; 
and this diminution will bo the greater, the greater the number 
of parts into which, a particle is divided. Therefore the consti- 
tution of things being such as I have supposed, a diminution of 
temperature will accompany a change of state from a solid to a 
fluid, or from a fluid to a gas or vapour. But though with these 
views an increase of temperature generally accompanies a 
change of state, when by that change the fiJblidity is increased^ 
or vice versa, yet this is not of necessity a law nature. Cir-^ 
cumstances might be easily varied, so> that an a^gtnentation of 
solidity by a change of state nnay be ‘attended with a diminution 
of temperature, or the contrary ; 
increase of temperature at tire exfdosioa.af 
ing powders, as well as other 
These, vhowever, are'thmgs 
not alloiy me now 

me from^ entering into aiir «xpteiatien of the wiNHte 
rent loss bf^itnp^ture iii the 

tiiwe of in weight of watec at AAmom ox 

at the tempoMwe of w«Mr«#eesiiig, and-oiltoMNM 
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mena. A full development of these things, and the inferences 
which might be drawn from them, would swell the memoir con- 
siderably b6yond the limits of an ordinary communication. 

I come now to .the law of gravitation or attraction.* If a par- 
ticle of matter were put in the centre of such a fluid medium as 
we have supposed in the fifth postulatum, and if by its agitations 
propagated every way about, and duly counterbalancecl at the 
limits of space, it kej>t the minute parts of this fluid medium in 
continual motion, then would a spherical atom be urged towards 

the central particle by a force which is as in which a repre- 
sents the intensity of the central agitation, in the magnitude of 
the impelled atom, and x the distance of the centres of the two 
Dodies. 

When the attracted atom is not a sphere,i- its law of gravita- 
tion becomes more complex ; and in a general way is not to be 
obtained in algebraic terms ; for it is dependant not only on the 
intensity of the central agitation, the magnitude of the attracted 
atom, and its distance from the central one, but likewise on its 
figure and position. In all cases, however, when the attracted 
atom is exceedingly small and at any sensible distance, or when 
it is at a distance sufficiently great to render the influence of its 
magnitude insensible, its gravitating force will be as its magni- 
tude and the intensity of the central agitation directly, and the 
sq'>iare of its distance inversely. Consequently, if instead of 
a single central particle, there were a great number distributed 
so as to form a uniform sphere, and in such a manner that the 
agitations of each may take effect, the force of the impulsion on 
the solitary atom, Principia, prop. 74, lib. 1, would be as 

; in which m is the muss of the attracted atom, A the agitat- 


* That no one may have to charge me with a (^|Rirc of making innovations, I have 
retained the terms attraction, centripetal force, &c. though from the cause of thephse* 
iian:tena, as laid down in this memoir, probably impulsion, adpulsive force, &c. or some 
other words having a nearer afHnity to die primitive cause, would he preferable. 

•f* The simplest case after a sphere is, perhaps, that of a cylinder, hairing the centre 
of agitation in its axis produced. Let B C be a cylmder, 

£ F its axis, and A the centre of i 4 ;itation. Draw A C, A D, 
and in A F take A fi, A 11, respectively equal to A C, AD; 
join C O, and complete the paraUelogram 1 C. Then will the 
^avitating force of the whole cylmder towards A be as the rec« 
tangle of me agitation at A, and the distance H 1. But if the 
semidiametcr £ D be vastly small, compared to A £, the gra* 
vitation is as the agitation at A, and the magnitude of tbecylin- 
def directly, and the rectangle A £, A F, inversely. Theraorey 
if £ F be likewise very sm^ in comparison of A £, tlte gravi- 
tadoh hi directly as the agitation at A, and the magnitude of the 
•cytindCr, asidltnrefsely as the square of its'distiince iVom A. 

Whoi tbe loipeilea body is a^raUefopipedon, itrf^gravitation 
is as the kgafltmn t^ ^luuction of its d^ensioDs and distance 
ftotti the central nur^de, raised to a ^wer equal to t|ie intensItT of a^ation. And 
when it sc smul, or at sucl^ a distance foom the centre, that its dhnenstons arc insen- 
sible iti respect of that diskaaee, its gravitation is proportional to iCi magnitude and the 
of the fgitalion directly, and the square of the distaxice inyeesdy* 
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ing force of the whole central body, and x the distance between 
the centres of the atom and compound body. And. since this is 
the law of gravitation of a single atom, it follows, by prop. 75, 
lib, 1 , Principia, if a number of them were equally distributed 
throughout any spherical space, so that they could be individually 
acted on by the fluid medium, the impelling force on the whole 

body would be as ; in which x is the central distance of the 

two bodies, and b the quantity of matter in the attracted body. 
For the same reason if B be the mass of the central body, and 
A‘ the whole agitating force of the other, its attraction on the 

central body will be as But the whole agitating force of a 

homogeneous spherical body, other things being the same, is as 
its temperature T, its numeratom N, and its volume V conjointly; 
therefore, T being the temperature of the body B, its absolute 

attractive force on h will be as — — , and its accelerative force 

as — And t, n, v, representing the like things of the other 

body h, its absolute attractive force on B will be as and 

its accelerative as — 

. 1 ® 

Now Newton has shown, p. 242, of his Optics, bodies to be 
so rare that water has at least 40 times more pores than solid 
parts ; and Biot, in his Traite de Physique, tom. iv. pp. 124, 
J23, has carried the idea so far, as even to suppose the solar 
system itself to be but one great particle relatively to other 
larger and rarer systems. Without inquiring into the merits and 
probability of this bold idea, there is every reason to believe 
with him, that il se pourrait mcme qui dans les corps qui nous 
paraissent les plus deiises, la capacitc des interstices surpassat 
plusieurs milliers des foii^ie volume des particules materielles 
or, at least, that the densest bodies we know of do indeed con« 
tain vastly more pores than solid parts. Therefore, it follows, 
that every one of the particles of any compound body might 
agitate and produce those afiections I have imagined on the 
ethereal fluid, very nearly the same as if it was alone and unsur- 
rounded by the other particles ; and conversely, the particles of 
any compound body might be individually affected by the agita- 
tions of the medium, almost the same as if they were alone. 

Before 1 proceed further, it is necessary to anticipate an 
objection that at the outset might be made to this theoiy of j^- 
vitation. The force of gravitation that has been here determined 
is on tlie supposition tj^at the impelled body is in a sls^ of 
quiescence ; and it mighti therefore, be ttolt the 

attraction would be less on a body we central 

body, ^d greater on it, switch m to 
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what we find by experience. Though regarded mathematically 
such an inference would be strictly true, yet since the difl'erence 
between thf^ forces will depend on the activity of the medium, 
and since this activity will be increased in proportion to the 
tenuity of the parts of the medium, it is evident that the ethereal 
atoms may be so small, and the activity of the medium conse- 
quently so great, that the swiftest motions we kuo\^ of could 
produce no sensible difference in the vigour of its action. For 
instance, suppose one of the ethereal atoms to have the same 
ratio to a ])article of light, that a ball, a foot diameter, has to the 
whole earth (and there is certainly nothing which forbids us to 
suppose that the ratio might not be as little or even much less), 
then calling the earth 42()00{K)0 feet diameter, a thousand of 
these ethereal atoms would individually, with the same force 
that gives motion to u particle of liglit, receive a velocity more 
than 74000()000()()000()d000() times greater than that of light. 
But with such an activity, tlie law of attraction on a body mov- 
ing Svith the velocity of light, in the direction of the attraction, 

would not be augmented more than a 

part of unity. And with this increase in the law of attraction, 
it woul^ he 28o779()0G7()72h*l() years before the apses^ of the 
earth’s orbit would move one second of a degree. But since 
our calculation is made on the supposition that the body with- 
draws itself, as it were, from the action of the impelling ])o\ver 
with the rapidity of light, the augmentation or diminution of the 
law on a body, moving like any of the bodies of our planetary 
tjystem, would be many million times less ; and, there fore, it 
would take many million tiuses the period that 1 have assigned 
to produce, with a fluid of such activity, a difference of I" in the 
position of the earth’s apses. We may hence fairly conclude, 
that there might be a fluid medium pervading the heavens and 
all bodies of such activity, that no sensible difference could be 
observed in the intensity of its action on bodies in a slate of 
quiescence, or moving with a velocity, not only six million,* 
but several million million times greater than that of light. 

With the same views it would be easy to show that the resist- 
ance which such an ethereal ffuid would cause to the motions of 
any of the celestial bodies, could produce no sensible effects in a 
period of many million years. ISo objection, therefore, so l*ar as 
it respects resistance or irregularity of law of action, can be made 
to filling the heavens with a fluid of this kind, which it would 
not be easy to answer ; and we might consequently infer, that 
whatever has been demonstrated of an unresisting and a per- 
meating gravitation, might be easily transferred to our fluid 
'medimn* , 

The^e things Ifeirig ’granted, it follows, that ^ince 
« m of the W<»r|a, vo!. il. by Mr. PM, 
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expression for the law of gravitation towards any spherical body, 
the gravitating forces, or the weights of any two spherical 
bodies towards any other body at equal distances^ are as the 
quantities of matter in the attracted bodies. This law has been 
provdd experimentally by Sir Isaac Newton ; but though this be 
true, the converse case does not, according to our principles, 
liold good ; namely, that the attractive forces of bodies are 
directly proportional to their quantities of matter. Our princi- 
ples do not, therefore, corroborate Newton’s third law of motion, 
respecting the equality of action and reaction in attracting 
ibrces ; for by our theory a body might, by the agency of the 
fluid medium, be impelled towards another without any recipro- 
cal action, which is by no means surprising, if we consider 
attraction not to be an inherent or essentid property of matter, 
but merely the action of a third body. When, however, we take 
homogeneous* bodies of the same temperature, the equality of 
action and reaction seems to hold true ; but in different bodies, 
differently composed, or the same body at different temperatures, 
a difference should be observed in their attractive forces propor- 
tional to the greatness of the dissimilarity. Other things being 
alike, the attractive forces should be proportional to the temj^er- 
atures ; so that the attraction of all bodies at the extr^e tem- 
peratures of the fluidity of w ater, should have a ratio m about 
6 to 7. Unfortunately the difficulties attending the corroborat- 
ing by experiment of tliis part of our formula, much exceed 
those of the other ; nor have 1 as yet devised any method of 
satisfying myself respecting it in the manner that I could w’ish,+ 
But though great difficulties lie in tlie way of a numerical proof, 
there are some phauiomeua wliich seem pretty decisively to 
sanction the general result of our formula ; namely, that an 
increase of temperature produces an augmentation of attracdon- 
Thus Euler has found that the focus of a convex lens is con- 
tracted by a greater and extended by a less temperature 4 from 
wdiich it plainly appears, that the refracting force is increased in 
theoneanddiminished in the other case. M, Laplace in the M 6 ca- 
nique C 6 leste has calculated the annual equation of the moon at 
11 ' 22 ''^, while, by the best tables, it is only, about 11 ' 8 ^". 
The difference between these quantities appears too much for 
the error of either observation or calculation, and therefor© indi- 
cates an increased attraction in the perihelion^ and a decreased 
in the aphelion earth. By all the calculations timt have hitherto 
been made> a regular diminution in the attisactiva forces of the 
planets, reckoning from the sun, has been observed, which 
shows that the colder planets have less aitraietion! tJ^an the 



* By homsgemcm^BoUd OFBgiA hioSm^ u here meittit iliciee stt StsH* fillSlttii 
mMKH: «o.«aiif eolteaiai^ 

y* Siliee eniCkig thu, ! haveixistriivS bjAsnod&kptlttw 

a pnifiev plMo mS te pstiajg it'ia 

practice. * ''■ 'V ‘ .t,** ^ '' 
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warmer. Uranus alone, if future computations should verify the 
present, exhibits an exception to this rule. This is not indeed 
impossible^ nor repugnant to our formula; it only requires a dif- 
ferent constitution from the rest of the planets, such, for instance, 
as minuter particles ; for then by reason of the coldness^ they 
may be more numerous. Another argumenl. in favour of oiu* 
formula is the very small disposition to disturb that lis found in 
comets.^ This might in part arise from a difference of consti- 
tution, but it hardly seems reasonable to make it the only cause 
with ail of them. 

Granting that attraction raid temperature are proportional, it 
follows that the polar parts of the earth being colder than the 
equatorial, the attraction of the whole earth, in places aliout the 
former, mu*st be less than its attraction in places about the latter; 
and, therefore, the isochronal pendulum must be shorter under 
the poles than at the equator. On this account, therefore, if the 
earth was a sphere, its figure, as indicated by the pendulum, 
should be a prolate spheroid ; and if the figure be an oblate 
spheroid, the measures by the pendulum would give either a 
prolate spheroid, a sphere, or an oblate spheroid of less eccen- 
tricity than it really is. ^"ovv, according to the best observa- 
tions, compression of the earth by the pendulum is about 
wmereas by Newton, from the theory of gravity, it is 
'v-jToJ of the admeasurements it lies between the 

two, or about by Lauibton. But the same theory 

which indicates too small a compression with the pendulum, 
fndicates also too large a one on the supposition of uniform 
gravity ; for as the gravitation on the Newtonian theory is 
greater at the poles and less at the equator than it ought to be, 
Newton must, in his computation, have made the polar fluid 
canal too short, and the equatorial too long, and consequently 
the ellipticity of the eartli too great. Hence our theory also 
indicates the cause of those discrepancies in the three methods 
of determining the figure of the earth, which have so much 
baifled mathematicians. The intervention of other things, and 
a want of extensive and correct observations on the mean tem- 
peratures in different latitudes, prevent me at present from 
attempting a numerical proof of these ideas. Humboldt's 
collection of experiments on the temperatures of different places, 
lately published, and the experiments made by Dr. John Davy in 
his voyage to Ceylon, with some others that have lately 
appeared, have indeed enabled me to fix very nearly + the law of 

« II a plutteurs raisons (says H. Lajaace) de croire qua les nuisses des eometes 
sont tr^petites, et qu^ ainsi leur action est insensible.” 

f The formula tor accurately expressing the mean annual temperature of diilbrent 
latitudes would be one of very great complexity, and^ perhaps, in the present state of 
science, would fttupaas the p(»Yers of analyina lo exhili^ in a finhw eqnaito. Awonring 
the temperatures m the pdar and equatorial n^ons at IP and of Fahrenheit, my 
tormula wilt seldom more th^ a d^ee or two of Fabreulieit's scale from that 

lately giveh by 1>r. Brewster, namely, temperature = SIJ® x cos. latitude* 
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the variation of the temperature ; but they want that extent and 
variety which are requisite to establish correctly the true mean 
temperature of the earth in different parallels. To settle this- 
point well, a series of observations * are wanting, in the intersec- 
tions of about every fifth or tenth degree of latitude and 
longitude on both sides of the equator, and as near to the poles 
as possible. Local circumstances will no doubt always interfere 
to prevent the perfect coincidence of any general law of temper- 
ature with observation, which is the case with the one that J 
have assigned. Indeed were it nut so, and were the earth of a 
uniform constitution, it would be no difficult matter to determine 
its ellipticity from the temperature alone of <lifferent latitudes. 

Philosophers inform us that the southern parts of the earth 
are colder than the northern. This might possibly be owing to 
the difierent structure of the superficial earth in the two hemi- 
spheres, with respect to land and water ; but whatever be the 
cause, an inequality in the mean temperatures of corresponding 
latitudes cannot fail, if it be considerable, to affect the attraction 
of the earth at those places, and, therefore, the length of the 
pendulum, and consequently the figure of the earth, as deter- 
mined by the pendulum. Whether this be really the cause of 
the irregularity of figure, which has been said to have been 
observed in the two hemispheres, I must leave until t have 
obtained data sufficiently correct to enable me to undertake a 
complete solution of the problem, respecting the attraction and 
figure of the earth. Upon the whole, howewer, this theory of 
gravitation seems to render it probable, not only that the earth 
difiers in figure much less from a solid of revolution than has 
lately been imagined, but that its internal structure is also more 
uniformly homogeneous, than some philosophers have supposed, 

Mathematicians will readily perceive, that a less temj:)eraiare 
in the southern than in the northern hemisphere, if considerable, 
ought to afi'ect the lunar theory, and accelerate the motion of 
the moon in n and and retard it in f and Vf ; and that the 
equation thus produced ought to be the greatest when S falls in 
the vernal equinox, and the least w hen in the autumnal ; and 
that other things being the same, it ought likewise to be greater 
about the time of the aplielion earth, and less about the time of 
the perihelion earth. The distance, however, of the moon from 
the earth, the small obliquity of its orbit to the eqt^ator, and the 

* It might be advisable in future experiments to ascertain the taaperatttre of the sea, 
and its diumid variation, at different dep^s; for I do not remember to have Seen any 
notice taken of these things in the experiments that I have hitherto read. One might 
indeed infer from Or. Davy’s ei|>emneacs, that if there he a varittiott ct any consider- 
able depth belov the surface, itis probably but trifimg; It would, liowem, atlent be 
saOsfactory to decide this queMaon by actual expert and besidest a 

the temperature of itbe mm at difl|x^ dqiths, and indiSbiefeitpieieeB, sramd pos^y 
enable phiiosopbciis «§ detemdae m hsteinal temperature of tiw obA Uyt of 
variafion toinad»<be centre, -m wefi as, peAapi, sob» other peiirti'of|pw^ hawtoit to 
ndam, , ' 
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trifling difference in the ratio of the temperatures, which a con^ 
siderahle thermometric difference in the two hemispheres would 
produce, conspire to show that the coefficient of such an equation 
must be eiceediiigly small, if not wholly insensible. 1 have, 
therefore, merely alluded to the subject, that philosophers might 
take an opportunity of considering it further, and of examining 
whether in the future improvement of the lunar tables, the une- 
qual temperature of the different hemispheres, and the alternate 
increase and decrease of temperature in the same place, arising 
from the motion of the sun, are deserving of attention. 

Ileturning to our law of gravitation, it is found that when the 
diameter of the attracted particle bears any sensible proportion 
to the central distance of the two particles, its gravitation, except 
in the case of its being a sphere,* no longer follows the law of 
the inverse squares of tlie distances, but a law, which increases 
the force of attraction much more rapidly as the particles 
approach. It is, therefore, evident that our theory of attraction 
is not only capable of expounding the gravitation of bodies at a 
great distance from one another, but also ail that variety and 
increase of force which are observed in the particles of bodies 
when brought nearly into contact. For instance, if two particles 
approach each other with flattened surfaces, the intensity of 
their altraction when these surfaces are very near to each other, 
and the force of their cohesion v/hcn the particles are in contact, 
will be much greater than if the same particles could have pre- 
sented spherical of more pointed surfaces, so as to touch but in 
one or two points. For the same agitations of the same particle 
will rarify the ethereal medium considerably more on the flat- 
tened side of the particle than on the pointed side (generally 
indeed more than in proportion to the greatest transverse sec- 
tions of the particles); and, therefore, when the particles 
approach with their flattened sides, the medium between them is 
much more rarified, and its elasticity, therefore, much more 
dindnished than they would be under similar circumstances of 
agitation between less superficial areas ; and consequently the 
attraction of the particles, which consists in the excess of elasti- 
city on the exterior and interior surfaces, is considerably 
augmented. And when the particles come into absolute con- 
tact, the flat sides, by displacmg a greater portion of the medium 
from between them, will occasion the particles to be pressed 
together by a force, which, instead of being equal to about the 

* Were tihe particles of fluid liodies nearly spherical, and were it by forces recipro- 
cally proportional to the squares of their central dintances that ^ey are kept together, 

we dioiild have (S,^ — S^) Q *= t, S,^ — t in whidi t^-, are any two teiSap^ 
turee, t, being the hi^er , S, the coire^nding volumes of the fluid body, and Q an 
awbitraiy otumisty to be determined from the nature of the fluid. But the OKpaii^oiia 
determi^frani this fbnnula are manifestly too IH^; siaee, if ihepartklef attract one 
another with sudi forces, the fluid can never become gaieeus. Hie true kw of mqpati^ 
.odnin flmd and solid bodies, 1 can easily perceive, is ooimeeted with « gaseous pi^lem 
which I jiave not yet resolved. 
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sum of the two excesses of the pressures ou the further and 
nearer sides of the two particles, will be, perhaps, nearly equal 
to the sum of the two whole pressures on their further sides^ 

Different degrees of flatness will evidently cau&e different 
degrees of attraction and cohesion. But it is not to flatness 
alone that the cohesion, affinity, 8cc. of the particles may be 
owing; a proper adaptation of the parts or figure of one particle 
to the parts or, figure of another, may as much conduce to the 
cohesion of the particles as flatness; and hence the greatest 
scope is afforded for expounding the various phaenomena of che- 
mical action. Suppose, by way of example, any compound 
particle whose component particles have a certain adaptation in 
figure, be brought into contact with any other particle, whose 
compc nent particles have likewise a certain adaptation of figure; 
then if the figures of the elementary particles of either of the 
conijiound particles have, individually, or in any degree of 
aggregation, a much less adaptation to one another than they 
have to the figures of the elementary particles of the other com- 
pound particle, a new combination will instantly ensue ; and one 
or more particles with properties, probably very different from 
those of the primitive compound particles, be formed. In this 
way, therefore, decompositions and precipitations may take 
place, or new compounds be made ; and thus the various phee- 
nomena of chemical affinity may result entirely from the sizes 
and figures of the component particles. Besides, as an aggre- 
gation or division of the elementary particles will generally 
accompany every chemical change, so also will an elevation or 
a depression of temperature, and, therefore, the change that 
ensues in the temperature might serve for an index to point out, 
in some measure, the kind of change that has been effected ; 
and by this means possibly some conjectures might be formed of 
the physical composition of many bodies. 

I might now extend my observations to the solution of*many 
other {flisinomena of nature. 1 might show that the fluidity of 
bodies arises from their particles not having a sufficient adapta- 
tion of figure, to make their cohesive tendency overcome the 
eflects of their mutual impulses, due to the limiting temperatures 
at which they are fluid. 1 might show that the boiling points of 
fluids depend chiefly on the magnitude of their partides, and 
their freezing or congealing on the magnitude and adaptation 
conjointly. I might show how different combinations of the 
same elements might produce bodies differing essentially m 
colour, solidity, specific gravity, &c. for instancy, as char- 
coal and the diamond; sj^d, therefore^* that notv^'iihstanding 
such bodies may be composed of precise^ the same cms&tAmt 
parts, a transmutation from the one to the other can, peilriips, 
never be expected, unless by decomposing them into their con* 
stituent elements, and then discovenng some method of reasso- 
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ciating those elements in the particular manner that nature has 
adopted. I might likewise unfold the cause of the opacity and 
transparency of oodies, and show that the phoenomena of reflec- 
tion and refraction consist in two distinct forces residing the 
one without the other, and acting uj)on the luminous particles 
separately and distinctly near the surfaces of bodies ; that the 
figures of the molecules of light are the cause of the fits of easy 
reflection and transmission ; of the pluenomena pf polarization ; 
and combined with the figure of the integrant particles of doubly 
refracting crystals, likewise the c^'use of double refraction and 
its consequent phaeiiomena. And by the same principles I 
might show how to explain the disproportional dispersion of 
light, and the various phamoraeiia of 'Hflraction, as well as the 
intersectioi]ary bands lately discove-^^^* by Mr. Knox, and some 
circular and hyperbolic bauds disc vered by myself.*^ I might 
also, from our solution of the problem of gravitation, demonstrate, 
that the particles of light, however different in size, must be 
emitted with nearly equal velocities; that the velocity of the 
solar and astral light, conformably to phaenomena, should be 
nearly equal ; and that it is to the reciprocal action of the sun 
and stars, that gravitation itself, and consequently all the other 
phsenomeua, aie owing; but as I have considerably extended 
this memoir beyond the limits 1 at first intended, and as my 
ideas on some of these subjects are not yet sufficiently matured, 
1 have deemed it better to reserve what 1 may have further to 
say to a future period, when I may be enabled to these and 
some other things together in a more me. )dical form. 

For like reasons, I shall not now stop to inquire, whether the 
phmnoiiiena of magnetism, electricity, and galvanism, are refera- 
ble to the same principles or not. IN or shall 1 attempt to make 
any observations on the slih more metaphysical properties 
ascribed by Newton ' » our gravific medium; namely, whether 

Sensatio omnis excitatur; et n mbra animalium ad volimta- 
tern moventur, vibrationibus hujus spiritus, persolida nervorum 
capillarnenta, ab externis sensuum organis ad cerebrum, et ii 
cerebro in musculos, propagatis ; for these are speculations 
much too metaphysical for this place, and are besides things 
quae paucis exponi non possunt” 

I am, dear Sir, your obedient humble servant, 

JBristoly 182 Q. JoHN HeRAPATU. 

* It was intended to make the substance of this communication a supplement to one 
contmning an account of these bands, with a mathematical ex|ilicatioii of their cause ; 
but finding that 1 could not explain myself in so few woids as I expected, 1 have though 
it prejfemble to omit the optical part altogether. 

f was written at Knowk Hill, but the author now resides at Cranford, Bomi* 
slow, London^ 
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Communication from the Rev. H. S* Trimmer respecting Mr. 

Herapaih's Experiments, ^ 

SIR, Vicaraf^e^ Hcstotiy Middlesex^ May 

When Mr. Herapath had determined to publish in your valua- 
ble work his ** Mathematical Inquiry into the Causes, Laws, and 
principal Pjriaenoinsna of Heat, Gases, Gravitation, &c.” it 
appeared to hiixi desirable that another paper containing the 
result of expc^pr'ent : made by him, and illustrating the accuracy 
of his views, aid immediately follow ; and he had accordingly 
made an arrangement for the appearance of this latter paper in 
the number for July. 

The circumstances have rendered an alteration in this 

plan necessary ‘nginated with me, I consider it proper 

to apologize to you for any inconvenience which may have 
arisen to yourself for the disappointment which may be felt 
by your readers from my withholding this paper, and placing it 
in a different channel. 

It has now been presented to the Royal Society by Davies 
Gilbert, Esq. MP. VPRS. &c. who received it from my hands* 
I am, Sir, your obedient humble servant, 

H. S. Trimmer. 


Article II. 

Analifsis of Verdigris. By R. Phillips, FRSE. &c. 

Having lately had occasion to make some inquiry into the 
different methods of preparing acetic acid, ray attention was of 
course particularly directed to acetate of copper, as one of the 
substances from which it has been often procured. Upon 
referring to the more recent chemical authors to ascertain its 
composition, I could not find that any analysis of it had been 
made since ^at given by Proust, according to which crystallized 
acetate of copper consists of 

Acetic acid and water 61 

PeroJcide of copper 39 

m 

From ihb state^at, it is not possible to leam quantity of 
real acid contained in the s^t ; I made, therefore, some 
ments to determine this point. Acetic, acid does^not 
any substsmee a sufficiently insoluble compound to 
' ‘ utnine its equivalent witll) precision, nor can the whole of 
lined \iy distii^tion ; 1 aobpted as a substitute, the fdOLowing 
hod : One hundred grains of crystallized acetate of copper; 
d dissolved in distilled water ; excess of hydrate of lime tiW; 
ed to the solution, and the mixture boiled. , Tbe osdde 
iw Seritt, vol. i, 2 n 
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copper precipitated, and the undissolved lime, were separated 
by the filtej; through the clear solution, containing excess 
of lime, I passed a current of carbonic acid until the lime 
was precipitated, and I then heated the solution to separate any 
carbonate of lime which might have been redissofved by the 
carbonic acid. Having filtered the solution, I found it to be 
neutral acetate of lime, and then decomposed it with carbonate 
of soda, wtich gave 48*5 grs. of carbonate of lime. On repeat- 
ing the experiment, I obtained 48*6 grs. the mean being 48*55. 
One hundred grains of c^stalUzed acetate of copper were dis- 
solved in water, and boile<i with excess of potash. The peroxide 
of copper precipitated, weighed, after washing and drying, 38*9 

f rs. On Vepetition I procured 39*5 grs. giving a mean of 
9*2 grs. 

According to Dr. Thomson, an atom of acetic acid weighs 
63*75 ; and I am satisfied, from various experiments, that it is 
very nearly correct ; and if we consider this acid to be composed 
of three atoms of hydrogen, three of oxygen, and four of carbon, 
as is generally admitted, it will be represented by 63*96 on Dr. 
Wollaston’s scale, agreeing almost precisely with Dr. Thomson’s 
determination. If then 63 of carbonate of lime, the number 
representing it on the scale, give 63*96 for acetic acid, 48*55 the 
carbonate of lime resulting, as above described, from the treat- 
ment of 100 grs. of acetate of copper, will indicate 49*2 of acetic^ 
acid ; so that we may consider crystallized acetate of copper as 


composed of 

Acetic acid . 49*2 

Peroxide of copper 39*2 

Leaving for water li*6 


100*0 

If, as is generally admitted, peroxide of copper be a compound 
of two atoms of oxygen 20, and one atom of copper 80, the 
atomic constitution of verdigris will be : 

By theory. By experiment. 

2 atoms of acetic acid 127*92 .... 128*84 

I atom of peroxide of copper. . . 100*00 .... 102*65 

3 atoms of water* 33*96 ... . 30*39 

261*88 261*88 

Dr. Thomson has lately shown, that the salt called blue vitriol- 
ic a bisulphate of copper ; and in addition to the reasons which 
halM assign^ for this opinion, I may-add that if finely divided 
carbonate of lime be added to a solution of it, insoluble sulphate 
of coppOr is precipitated with cffercrescence, and as the same 
effects are produced with the soluble nitrate and muriate of CfOp<* 
per* and with the acetate also, although very slowly, I think we 
may conclude, that the soluble nitrate and muriate, as well as 
the sulphate and acetate, are bisalts. ^ 
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Article III. 

Oh$ervatiom^upon the Gas Blowpipe^ and upon some of the mori 
remarkable Results which have been obtained in using this 
Instrument dtiring a Course of Five Years, in which it has been 
constantly employed: being a Continuation of former Remarks 
fwon the same Subject,^ By Edward Daniel Clarke, LLD. 
Professor of Mineralogy in the University of Cambridge ; 
Member of the Royal Academy of Sciences at Berlin, See. 

(To the Editor of the Annals of Philosophy,) 

SIR, Cambridge, May 182L 

A PEnroD of five years has now elapsed since I first began a 
course of experiments with the gas blowpipe. In all this time 
those experiments have been of a public nature. Upwards of 
100 persons were present, March 16 of the present year, when 
the metallic base of barytes was revived and exhibited. It had 
been cut by a file in three places ; and it presented such a high 
degree of metallic lustre that it seemed as if the points of three 
iron nails had been similarly acted upon by the fiie« This 
metallic body being then left covered only by a glass vessel 
speedily became oxided, and fell into a white pulverulent earth 
of barytes. In this experiment, no oil had been used to mix 
with the barytic earth for the purpose of making its particles 
adhere ; it was taken from a glass vessel in a compact state ; as 
it had been prepared with the utmost care by Messrs. Allen, 
chemists, of London ; and was exposed, per se, to the fiame of 
the gas blowpipe, supported in a pair of forceps, the points of 
whiw were made of slate. The reasons which Wve given rise 
to the opinion that the metallic substance thus so omn exhi« 
bited, is, in fact, the metal of barytes, are simply its property of 
rapidly decomposing water and atmospheric air ; added to the 
perfect metalltc lustre which it discloses to the action of a file, 
or other sharp instrument. In addition to Which may aisC be 
mentioned the appearance which it exhibits prior to its beings 
cut. It has then a highly metallic surface resemlfimg 
stalactites of the black oxide of manganese: but of ajeMiheiii 
shinmg colour, with occasional metalhne particles, disposed ih 'W 
dendritic ciy^itsiliizarion upon the dark s^iirfisce. 
chemists should detennine that these <marsk;tem^ me 
themsekss sufficiently dectsivS as to its 
nume of plutmmn, wMch^ m a 
tursd to give to thiu appearance, may be 
for its disrioctioni because, wlmiever be its real itis a 

* Seejdimalso/PkUMbpby, x,Sr3i sir. 

2d 2 ^ : 
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result of fusion possessing properties of a peculiar nature. It 
differs froip wood^tin, which exhibits, after fusion, the same 
de^ee of metallic lustre, but is still in the state of an oxide. 
Being guided by no other views than those which may con- 
duce to the interests of science and the advwcement of 
truth, after once more calling the attention of your readers 
to a subject not unworthy of their regard, it is my inten- 
tion to consign to them its future and further consideration; 
briefly adding what, in the course of the last five years of expe- 
rience, I have discovered to be the cause of failure in the 
attempts made for obtaining this effect of fusion in barytes ; and 
moreover a few remarks upon some other curious phenomena 
which the* use of the gas blowpipe has developed. 

In the first accounts which I published of experiments with 
this blowpipe, the propriety of mixing the oxygen and hydrogen 
' ^ases in the exact proportion for forming water was always 
insisted upon ; because, when the hydrogen gas is only added in 
slight excess, the mixture either will not burn at all, or the tem- 
perature of the flame is greatly diminished ; upon the elevation 
of which temperature the success of many experiments depends. 
There are some experiments for which only hydrogen gas alone 
may be employed combined with a small portion of atmospheric 
air ; or hydrogen gas uncombined with any other aeriform fluid ; 
but the temperature is then greatly lowered ; and hence may be 
perceived the impropriety of naming this instrument the 
Qxy-hydrogen blowpipe ; because it is adapted to gases of all 
kinds ; whether in a state of explosive mixture or not ; some 
being used, as, for example, oxygen gas, not for combustion, but 
merSy as a supporter of combustion, to propel the flame of a 
combustible body, as alcohol. It is on this account that I have 
preferred calling it the gas blowpipe ; being an appellation of a 
more general nature ; applicable, not only to the use which I 
have made of it in burning the gaseous constituents of water y 
but to all its operations with condensed gases of whatsoever 
nature they may be. But to return : I have since found that 
for communicating the utmost elevation of temperature to the 
flame of mixed oxygen and hydrogen gases, it is better to add the 
hydrogen gas in greater excess than was at first thought to be neces- 
sary : instead of two parts by bulk of hydrogen to one of oxygen y 
the proportion of nine to four is greatly to be preferred ; as, for 
example, nine pints, or measures, of hydrogen gas, to four pints, 
or mea^sures, of oxygm gas.* The operator upon opening the 
valve, to set Are to mis mixture, will immediately perceive how 
much more explosive it is than any other ; by the rapid snap- 
ping UUise of the flame, caused by successive d^onationa^atthe 
juouth of the jet, while he is lighting the gas witii a paper, a^d 

• Tbit liropwiiim ought especially to be observed when t^e oxygen gas been 
ohtaned fttim the oxide of manganese^ and Uie hydrogen gas fsom the decoffiposiflon of 
»at0r by ironJIHngs toted upon by snljphuriemeH. 
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#hich is an infallible sign of %be^3tceilence of bis gaseous mbok 
ture for all experiments when the highest temperature js required 
The stoutest platinum wire will run before it into rapid fusion, 
and is immediately exposed to combustion. Vnre magnesia melf 
thus be easily fused, and be made to form a frit, which cuts 
glass like a diamond. The edges of Iceland spar^ that most 
refractory of all bodies, when exposed in thin laminse, are by 
the flame of this mixture invested with a white opaque enameL 
Rubies and sapphires become liquid, and flow together into one 
boiling mass. Grains of iridium melt and bum like platinums 
Under these circumstances, if the earth of barytes be now 
exposed to the powerful heat of the burning gaseous mixtuiu, 
unless the valve be partially opened, so as to mlow a Very smsM 
body of flame, like the point of a fine needle, to act upon it, it 
will be converted into a greenish glass, or into a substance exter- 
nally resembling horn, disclosing no metallic lustre to the aot&im 
of the file. In my first experiment this year for exhibiting 
metallic base of barytes^ the attempt entirely failed ; but 1 wa4 
thereby guided, for the first time, to the cause of the failure ; 
for the barytes which failed was tp-ken out of the same bottle as 
that which afterwards exhibited, in so imminent a degree^ the 
metallic lustre I have already described. The cause was owing 
to the length of time in which fusion had been going on, and 
the too powerful heat to which the revived metal had been 
exposed : it came away altogether in white fumes, settling upon 
the forceps, and tinging the flame with that olive<^green. comur 
which always characterizes the combustion of the metallic base 
oi barytes. The same would happen with silver; the whole of the 
metal would be dissipated in white fumes, which would settle upon 
the supporter ^ the heat be continued long enough, and the 
flame also is in this experiment tinged of a paler greenish hue. 
For exhibiting, therefore, the metallic lustre oi pltdonhun, 
a metal, or a protoxide, or by whatsoever other nanoe ehenusts 
may hereafter decide, it is necessary that the experiment should 
be conducted with care. The barytic earth should be, in the 
first place, rendered as perfectly an anhydrate as possible ; thto 
presence of an atom of water would inevitably eanse die expeil- 
ment to fail. Of course it is hardly necessaiy to add^ tlufifc 
water ought by no means to be used as a substitute for oil in the 
safety oyltnder; for this would again give rise to 
Havkig a small oake of the hard anhydtau oibmyiMi snppmeled 
by a pair of forceps, allow fhe flUnie gradhaliy Sonot 
until It exhibits ufter fbston the deep jet^bfack ssd^slanee 
before alluded to. Then while it 46 botj rub oto’ of 
nent points of this blaclc' substance upon the 
file, p^^viously lOade Vrarm b^Ure fire, 
it too deep, because that would disclose the eartk ^ 

remaining below the part which has been fiiscidr tli^ 
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lustra augbt to ^quid thai wbicii is presented after filing the end 
of a tnece of mre^ or the experiment has failed* 

It nas always failed when the fused barytes leaves traces of ,a 
white powder upon the file. 

It has^ moreover, always failed when the fused mass exhibits 
the slightest degree of translucency ; or is of a grey, greenish, 
cw white colour. 

It has always failed whon the experiment has been protracted 
beyond the point at which the metal begins to burn, and is dissi- 
pated in white fumes. 

To all tho^ gentlemen who have so often witnessed the per- 
fect mfitaliic wpearance of the melted barytes in my lecture 
coqm at Cambridge, I may now appeal for the truth of the 
result; being veiy anxious that others should also witness the 
same appearance, to whose testimony it may never be in my 
TOwer to appeal. It would be to no puipose enumerating 
Ibe names of those who have been present with me during my 
experiments ; persons not only of this University, but from 
various parts of the kingdom, visiting Cambridge, have satisfied 
themselves in this respect. Vpon April 10, 1819, there were 
present for this purpose from tendon, Mr. W, Hamilton, Under 
Secretary of State ; our Envoy to Constantinople ; Mr. B. Frere: 
bis brother Mr. Serjeant Frere, Master of Downing College; 
Mr. Meyer, Consul at Corfn ; Mr. Mackenzie, of the Foreign 
Office ; and also Colonel Leakes, of the Artillery ; all of whom, 
independently of those whose residence here gives them more 
frequent opportunities of being present at these experiments, 
arc able to vouch for the truth of the statement 1 have made. 

But ao lately as the 26ih of April, of the present year, Frof. 
MUlkr, ojf Copenhagen, together with severd gentlemen of this 
iJpiversity, were present at a series of experiments conducted 
with the gas blowpipe, and all of them witnessed the revival of 
the meted of barytes by means of this instrument. The experi- 
ment was conducted as before described ; and was repeated in 
their presence always with the same result. Frof. Mnlkr took 
away with him a specimen of the metal so revived ; but which 
of course would speedily afterwards be again converted into the 
state of an oxide* It is sufficient, however, to observe, that 
they all saw it in the metallic state. If, therefore, the experi- 
xnents elsewhere should not bfe attended with the sapae results, 
the circumstance must admit of this obvious inference; lhatthe 
mes#s resorted to, and the manner of using the instrument, 
have not been made adequate to the end prop<»md, which otheiv 
l»f^t:hnve been accomplished, 
pffier iffiemical chwges which bodies undew^ when 
expos^fi to tKe ftill powers of tha gas Uoiopi]^, OM 
appear to me to be ot a nature sufficiently remarkable to merit 
tlejiHcPtian of chemists, are as follow: 
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1. Mock cr^talf or any other highly re&actory ^Uceous> ot 
ahimnous su&tance» being allowed to fall upon a deal board, 
while in fusion, and there left to become cool, exhibits upon the 
surface that came into contact with the wood, where it forms a 
charcoal cavity, a metallic lustre, equal to that of polished 
silver* This metallic appearance may be preserved for any 
length of time unaltered. Some of the students in this Univer- 
sity have preserved specimens of melted rock crystal thus 
invested by a seeming metallic body, the nature of which is 
unknown. 

2. White opaaue quartz melted in the flame of the gas blowpipe 
becomes so hignly limpid and transparent, that after fusion it 
has all the appearance of rock crystal. The Plutmists may, 
perhaps, hence infer, that the transparency of rock crystal is 
owing to the heat it has sustained. 

3. The varied and striking colours of metallic oxides are 
surpridangly developed by the flame of this blowpipe. Among 
these, one of the most striking from its beauty is tne intense 

or bright purple, colour of the oxide of calcium, as displayed 
during the fusion of Iceland spar. It is a colour which cannot 
easily be described ; being much more vivid and striking than 
the colour which the oxide of strontium communicates to the 
same flame, and of a livelier hue. Add also the beautiful rosy 
colour of the oxide of gold, after its combustion upon pipe-clay ; 
the deeper purple hue of the compound oxides of gold and itn, 
when the alloy obtained from the precipitate of casrins has sinu- 
larly sustained combustion, the green colour of the oxide of rAo- 
dium, &c. &.C. 

4> The gaseous fluid which escapes during the fusion of pmre 
silica, has never been collected, and, of course, remains unknown. 

5. The dark powder dispersed duringthe combustion of 
num requires mrther examination. From some experiments 
made with this substance, of which I b^ore published . an 
account,’^ it seems to be the protoxide of the metal. 

6. The dark sooty-looking powder that remains after solb- 
iion of crude platirm in rdtromuriatic acid, divested of all nietal- 
Ifc particles which may remain uridissolvi^, and comri^ti^ 
essentially of the oxides of iridium and osmiumt ia one of ^ 
most refractory substances that have been exposed to ths 
blowpipe. By making a filter which was invested ws 
powder into a pdlet,. and exposing it upon qharjce^ 

power of the nai^ I succeeded in /it n 1^ 

msm r^ed. wkh a deep blue dbss, wbiidi hm, resale 
from the sUicated klkaii contmned in the raper of the 
iq^^l vegetaUe bodies. It was not. reuered. JhaUes^ 
enrniqe m the cheroot dtging this experiment was 
w oxide of a daih lilac hue. 

' ' , ' • ' ^ 'V ' . *' 

* Set Amsko/PWmfkff. 
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\7, The beautiful indesdezit crjratals which fonn in* the aqueouB 
sedation of the obtain^, by dissoivi^ cindie nj^^ in 

nitromuriatk acid\ and after the precipitation of j^latinumhj 
muriate of afnMonia^ are easily reduc«^d to the metallic state upon 
charcoal by the flame of the ^ gas blowpipe, The metal so 
obtained is perfectly malleable^ and has all the characters of 
plathmfn: excepting that it is almost insoluble in nitromuriatic 
acid^'evon when this acid is in a boiling state ; owing, probably, 
to a small portion of iridium with which ihe platinum is conta* 
minated. 

8. The prussiate of palladium obtained by the precipitation of 
this metal hy prussiate of mercury y may be decomposed, and the 
pure palladyum revived upon charcoal, with all the whiteness of 
silver, and made perfectly malleable. This last experiment with 
the gas blowpipe is remarkable for the beautiful sapphire-blue 
colour with which the flame is tinged during the revival of the 
palladium. It affords, moreover, one of the easiest processes for 
obtaining small specimens of pure palladium to which the che- 
mist can have recourse. All that is necessary is briefly this : 
Dissolve crude /)/a/ina in nitromuriatic acid ; evaporate to dry-- 
ness add distilled water ; precipitate the platinum by muriate 
of ammonia ; filter the supernatant solution ; precipitate^ra^smfe 
of palladium by prussiate of mercur^y and collect the precipitate 
upon a filter. Now make this filter containing the precipi- 
tate into a pellet, and expose it upon charcoal to the name of 
the gas blowpipe. The result will be a malleable bead of tlie 
purest pallaaiuniy coated over with blue glass from the sillcated 
alkali of the paper filter, which separates from the metal upon 
the first blow of a hammer. Glass will also appear in all experi- 
ments for the revival of metals where filters have been thus used. 
It is, perhaps, a similar result to the glass which remains after tlie 
combustion of bank-paper notes. 

9. The revival of (be salts and oxides of the four metals obtained 

from arenaceous namely, iridium y osmium y palladium^ 

and rhodiumy whether as alloys, or as pure metals, afford some 
of the most curious and amusing experiments with the gas 
hhrtmipe. The last experiment with these metals which 1 
shidf now describe relates to the revival of rhodium from its 
oxide, as obtained in the following manner : After the solu- 
tion of crude platiua in nitroimiriatic acidy having preci- 
pitated platinum by muriate of ammonmy and pallmitm by 
pvfussiate of mercury ; also iron by prussiate of potmSy immeiue a 
cleti^ plate of mhc into the filtered liquor, and leave it for seineral 

A precipitate will fall of a brownish^red colour, which, 
whl^^iy, IS black. Before the gas hlowmpey (be ffher, eon-, 
titni^ this precipitate, exhibits a sort of eoruscafion^ 
little 'i&e work ; but at length a slag will remain on (fee’ chmmad 
of an ironMbrown colour, containing within it a bead of a silvery*- 
Whlte*nietal. This metal is harder than wrought iron. It was 
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also brMe. I endeavoiircKl to dissolve the slag ootitamingittfy 
boiling it in caustic potass, but could not succeed. Aftenmds 
I added nUromuriatic acid, and having evaporated the acid to 
dryness, there remained a rose-coloured salt. Still the bead of 
metal remained chiedy undissolved. I then fused it with 
phMr, and expelled the sulphur on charcoal by the common blow^ 
pipe. Still the metal was brittle. I then tried to cupel it upon 
pipe-clay with borax; it was infusible; but it communicated a 
orown, and afterwards a black colour to the borax ; which are 
the hues of the deutoxide and protoxide of rhodium. The metal 
also in these experiments always became black by heat ; which 
is another character of rhodium. By mixing together dry camtic 
potass and borax, in equal parts, 1 found I could b^ld it in 
perfect fusion upon charcoal before the common blowpipe, and 
distinctly discern the minute globules of metal separating in the 
boiling flux. Still the result, when cold, was bnttle, and quite 
black. I then boiled it again in nitromuriatic acid, and by eva* 
poration to dryness had a beautiful rosy muriate. Afterwards I 
added the acid once more, in a dilute state, with common mU. 
The rosy soda muriate appeared as it became dry. I washed the 
residue repeatedly with alcohol, and dried it. Distilled water 
was Ihen added, and the solution, by gentle heat, being evapcK 
rated to dryness, the rosy-coloured sodo’^uriate appeared as 
before; but in less quantity. These experiments were con- 
ducted upon a bead of metallic rhodium, revived from its oxide 
before the sas blowpipe, the weight of which originally could hardly 
haveequalled 1-lOthof a grain. When the oj:tde has been obtained 
in greater quantity, nothing more is necessary for its revival, 
than to mix it with oil, and expose it upon charcoal before the 
flame, which should be made to act vertically upon the oxide \fy 
means of a bent tube. 

The experiment is beautiful, owing to its simplicity, to tike 
facility with which it may be conducted, mid to the entiohs 
result which follows it ; namely, the revival of metallic rhodium, 
exhibiting all the whiteness and lustre of the purest silver, and 
being perfectly Imalkabk. This experiment was attended with 
more than usual success on Saiurday, 12, when it was 
publicly perfonned in my lecture room in Cambridge. The 
black oxide of rhodiumt precipitated from its sedution nime, 
was mixed in the form of powder with oil, and exposed, upm 
charcoal, to the flame of the gas blowpi^. It was fiist ais&isd 
into a bkek slag ; then into a brittle white regulits, wha^, 
continuance of the heat, became a bead of tsiaml as addta aalfas 
pureit silver. It then began to bum, like platifmm, fwn- 
tilladon; and the flame of the burning mew was 

colour: proving that one of the of. 

rhodium mayhave the'saifie hue. The bead of tnetsl vrsf than 
placed upon an anvil, where it sustained the sheohs ef a laxma 
WoniSr ; and was filially extended and flattened m itsrflintf. si 
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^ul ri^Q«T.4^t adw^y^ brittle. If it quantity of tbe mda-muriaie 
be, mixiepd ,witb t^e bl^k oxide* a regulus may be revived ; but 
no deg^a# of beat^ nor any r^tition of fusion, ivill render it 
nialleaUe. Ji poition of it will then always be converted into 
d^s, and it will exhibit a granular texture, depriving it of n;al^ 
l^biUty^ Nor is the soda-muriate itself so likely to be revived 
in a ]|!^eable state as the black oxide of the metd, which never 
faiis. 

. The bard carbonate of magnesia &om the East Indies, 
disscribed by Dr. Henry, in a late number of the Annals of Phi- 
l^phy, fused before the gas blotopipe into a white enamel, com- 
n^ujuicatas a purple colour to the name. 

, Xl^ A remarkable difference may be observed in the fusion of 
the several crystallized and amorphous varieties of the j^iosphates 
qflir^ie* Some, like the white opaque apatite, from jDevonshire, 
fusing into a jet-black gloss wiuoh is magnetic ; others, as the 
conchpidal apatite oi Alodum, in Norway, and the eartiiy apatite 
of Mstremadoiira, fusing into greenish and limpid glasses, which 
have no magnetic properties. 

^ To conclude all these observations upon the gas blowpipe, it 
lyiU he^ useful to some of your readers to be informed of the best 
xnethod of preserving tlie bladders employed for containing the 
gaseous )ui>^ture ; because it is difficult to meet with very iarge 
bladders, and they are soon rendered unfit for use without^ the 
following precaution. Let ffiem be kept carefully nibbed over 
with oil, and distended with common air, when not wanted for 
cxperipients. By attending to tlxis mode of preserving thcni^ 
W^have found that the same bladder may be made to last in 
constant use for the gas blowpipe, upwards of two years, without 
hejeoming porous, wliicji so frequently happens where the oil has 
been applied, in conseqaen< e of Uxe attacks of insects. 

Edwaed Damijsl. Claj&ku. 
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i. , " 1 1, ' » * ft ' , , ' 

Mepty to Dr, Yellolfs Remarks on the Estimate of Aftrrfaltty 
\fk>m the Operation oj Lithotomy, By W. Prout, MD. FES^. 

; (T© the Editor of the AnnaU of PhUompky^y i ; 

';x)FArsie, 

^ Dr* Yeholy’s reuaarks on my estin^alek of 

Ifty operation of lithotomy ih your last, nhmber^ l^beg 

icay^:^tg qbs^^ye that the adoption of the ratio alluded to is not 
the rasuU of inadvertency, but desi^u. My 
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Bieaa wfaicb^ in tibe pres^ knnroimd alaile ofauiyeif 
rably well aenre for tjie whdie JunsdcHii. tl&e data me {loaa^ 
are obvkmsly too imperfect to admit of this being done with 
much precision^ and me ratio actually deducible from them^viz# 
1 in about 6j.) seems^ when all the circumstances are duly 
sidered, to exceed tile truth. On the other hand^ the ratio 
deducible on general principles from the same data^ thou^ 
of course not necessarily more correct than the actual one, hap- 
pens to coincide more nearly with my views ; hence (and as I 
am also reasoning generally), I give it the preference.* 

The circumstance which renders the data in question particu- 
larly defective is their not including the metropolis, where, 
according to Mr. Smith’s estimate^ two-fifths of the whole uunahr 
ber of operations in the kingdom are performed. We have no 
means , of obtaining correct information bn this point, which is 
much to be regretted, but when we take into account the 
acknowledged ^ill of our surgeons, and the faet that nearly 
one-half of the above proportion of cases are private, inithicn 
of course every circumstance that united extraordinary skin and 
attention can devise to ensure success is attended to, we catinot 
hesitate^ 1 think, to draw the conclusion, that the rate of morta- 
lity is as favourable, if not more so, in London, as in any part 
of th^ country. This* circumstance, if admitted, will tend to 
dinunish considerably the general ratio of mortality ; perhaps, 
reduce it to 1 in 7, or upwards, even according to the usual 
fiiode of estimation by taking the average of a number of past 
years. But this mode of estimation is not exactly apf^i^cable to 
my purpose. 1 wish to represent the rate of mort^ty as it exists 
at tms time, when I am willing to believe thesurgioaiart ia more 
peifect than at any former peiiod : this, if admitted# will 
a still further reduction in tim rate of mort^ty ; so that the 
whole, I trust the ratio given does not much exceed 
and if it does, Lacknowledge that I feel miieb less 
in^'into an error on this side of the question than the other 
Such are tiie principal reasons which induce me to prefer the 
general ratio 1 nave given to that actually resulting from my 
imperfect data. I do not mean to assert thak they are absciut^y 
conclusive, but, on the contrary, wdlii^ly adnut that thmam 
room for diversity of opinion on the subje<^* Every cce# thero^ 
fore, most decide for himself. , . r u ^ . i 

• Meant, genenUy fpeakm^, aie oorriMst in pfoportioa tiytfae eli8^ 

tkDt. Thus, &ota the muItipE^ obsenretions of the BoMol^ditBy liie 
on geaenl Briiid|p9M veijr IkOe aom the actud mcMi, 

very far bdow me general mean as appli^ble to the whole kiiwoom. Qa Uie^oeiv 
hukd« the mpfoi, as deduced in general prindpieB iiom the NorSlk 
omMeaAitf ekeeed the actaal mean, the pttiM of 
TOi enor% 

in Ae fisti ge*ifiwaiaMi«i,*to cpsateract Aoeiforitf 
t Dr, Marcotestiinatei the mwtality in Guy’s Ho^im 
tiimu, is Ndrofifft/kai, 1 undewtind, dunsginie iMC IT' 




- Uttle wkuri^ tbe abd^e hula 

bton 6mitt^/as' wall ea 4 great iekl more *e^ eome other points^ 
which I fear will in consequence be liable to be misunderstood. 
Ihojpei Itewer^Br, to have it in my power to obviate this objection 
at no vary remote period. I am, yours truly, 

William Prout. 


Article V. 

lypon a niio Hydro-Pneiimatic Blowpipe, so constructed as to 
maifttaifi during two Hours, unintermptedh/, a Degree of Heat 
capable of melting Platinum ; and this hy propelling the Flame 
M a small Wax Taper with Atmosphenc Air. By Edward 
!uaniel Clarke, LtD. Professor of Mineralogy in the Univer- 
sity of Cambridge, Member of the RoyaJ Academy of 
Sciences at Berlin, &c. 8cc. 

(To the Editor of the Annals of Philosophy.) 

. 1^114 Camhridgff, May 15, 1891. f 

To the various successive improvements which the blowpipe 
has received, we may now apparently add another, possessed 
of considerable advantages : — I allude to that form of tne instru- 
naent wherein the air is propelled from a jet by the pressure of a 
duanUty of water; this being the kind of blowpipe on which 
tnese improvements are founded. ^ 

‘ Tfao advantages of the old instrument consisted in the opera** 
tOr having both his hands at liberty ; and in the relief which it 
adSbrded from that fatigue and possibility of injury to the luogs 
meident to a protracted restraint on their free action, to which 
persons using the common mouth blowpipe were liable. To 
these advantage, which the new instrument also possesses, we 
ixreCy add the mllowing ; 

1 . Either common air, or any other gaseous fluid may be used 
for' the propelling current, by condensing it in the reservoir, and 
dras expenments may be made on the msing powers of tite dif^ 
ferentnses with perfect ease and convenience. ■ 

, 2. Tne power of entire exhaustion possessed by the new 
iiM»linlment, ensures the operator from any admixture ofcotnmoti^ 
air^ ;^ere otygm gas, or any other gateous fruid' is to to 

oid 'instruma^t, although very usefifl for bending tubes, 
of dtber otdinajy purposes, required to, be repeated%r‘tacnored to 
Mtmn by fresh supplies of air, at intervals seMom exceeding fiva 

instruments. In the pew 

iS this great improvement; that a stee% flame of 
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two homa^ QOntiauaaee amy be m&ini$dmd, i)|^ 

shjape and tinifeirm temperature^ xmkiterrupteii by eufreayte 

from the .pneumatic reservoir. • / 

4, The troublesome interruptions caused by the ejection of 
water, while supplying the apparatus with air, which wete upmr* 
mon in the old instrument, do not happen in the new one. 

5. The new instrument may remain unemployed for any length 
of time, being always ready for instantaneous use, and requiring 
no other preparation than merely that of lighting the wax taper 
employed to supply the flame. 

The manner in which this instrument was brought to its pre- 
sent state of perfection, affords an anecdote whimi may not be 
uninteresting to your readers ; because it, will show the force of 
mechanical skill as it is sometimes remarkably conspicuous in 
uneducated minds. A servant of mine, whp has been frequently 
employed in attendance during my lectures in mineralogy, see- 
ing me reject the old instrument as unfit for the uses to which I 
wished to apply it, asked me the reason of my setting it as^e. 
To this 1 answered that the short space of timp in which it ccm- 
tinued to propel the flame rendered it inconvenient ; and that I 
would rather use the common mouth blowpipe than be liable to 
such frequent interruption from the necessity of supplying it 
every five minutes with fresh air. This caused him to inspect 
the inside of the instrument ; when he simply observed^ ** # is 
very awkwardly coMrived ; I coy Id make a better myse^'l ** and 
in good earnest, without further communication with me n^c^a 
the subject, he fell to work, and, produced the new improve^ 
apparatus, which it is my present purpose to describe, and .te. . 
make as generally known as possible. The inventor’s namp ia 
Johnson Tofts. Upon the pnnciple which he baa adopted ibr 
the improvement of bis blowpipe, such instruments ar^.finw 
manufactured in London. By means , of one of theoe 
ments, gold might be exhibited in a state of cmotiniialrTa^^ 
for almost any length of time. , 0 

A trial has been made of the use and M^Hfers id* 
blowpipe throughout an entire course of public lac^in’OS ii| 
rali^y before the University, with « such snooesi^ aSytQrpipdite^ 
suiicient p^pf of its conveiuencei and .eliicacy^ Tbor 
witnescM&d when ospygen gas was employed 
usually produced by the same agent fooma 
the condensed state in which the gaa j^ PfweMif 
ccme of flame wasjpBmoh more manageaUtf 
some thickness was fmpd^;:platfmm cfod;Oi%9^ Pn 
whatever* The steel mainspring of a watch unaerwenlfjl^si^ll^^ 
combustion; and 

common^ a^mospheip^ thin cuttings 

an ii^ntaiieous^ ft^n. ’’ ' » 

Mb4 wo possessed this appamtim befc^ 
invented, many of the results obtained by diet 
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#oisM b^en antieip^ledw It is^ ii 0 t to be expected,, 
hewe^ret^, tlnat tbe Ihie^g powers of the two blow^pee can be 
compared together ; but from the « safety of T^'fs ^wpipe, a 
cfaila mey use it ; whereas the other would be iudeed a danger- 
otts toy. 

In the old apparatus, when the instru- ^ 
ment is charged, the space £ C G H is 
occupied by air, and the water rises to the 
dotted litie CD. When it has been kept 
in action until the water has its surface 
at the dotted line A B, the action ceases, 
and the ^ace E A F G must always remain 
fiBed with common air. 

In the improved hydro-pneumatic appa- 
rains^ which I have called Toffs blowpipe^ 
when the instrument has been 



charged for use, P P is filled »n»ii 

with air, and the water remains inches. 

entirely above it in the vessel 
Q,'whencc it will descend through 

the cylinder O B so long as any il ^ . ,2 

air shall nemain in the reservoir 10 j 

P P, and the water will entirely 
fill this reservoir ; so that what- 
ever air it may be desirable next 
to introduce will again displace 

the water, and drive it up to Q without ‘admixture of common 
air. 


12 Irichrs. 
lOJ Inches* 


AH g(tm are introduced by means of a bladder and a condense- 
ing syringe, which screws fin to the stop-cock Fv And it has- 
been found better to introduce atmospheric air with a syringe 
than tfi M the reservoir witb air from the lungs ; also tb supply 
thfi machine with water, oP to r^ove it by means 'of a common 
siphon. 

The instnrinent is so sim^e that a moremmnte description of it 
isUtmecessary. Upon these principles it is manufactured and Sold' 
Mr. Newmm, maker of philosophical apparatus,' Hn Lkk^ 
stna, Ldti&tef'-sque^e. The usutd size of onfi of thfise' yow^‘ 
pipes is two feet high, two feet long, and five ^beS widfi.’' 
They aiC atside either of copper or tin, and eridosed in a wfibdknt 
case, Whh^ serves as a table, and n rest for the antis '; the was 
ta^er, beingsirak into a cylinder at X, is elevatdd or dfiiheiated 

Bid a statienary'ipittMtas^^ 
ifkdhndd be'ptefened, maybe fised intifoSasaeplacei 
Ireimiin, Sir, yedrs^'&fi; 

■EriWA'pW 
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Article VI. 

On Oil and Coal Gaft, 

(To the Editor of the Antmls of Philosophy,) 

DEAR SIR, May 1%, 1821. ] 

1 HOPE you will indulge me with the insertion of a short reply 
to Mr. Ricardo’s paper on Oil and Coal Gas, which appeared in 
your last Number. 1 would not have troubled you with a second 
paper on this subject, had I not thought it a duty imposed upon 
me to correct the erroneous statement which Mr. R. made in the 
postscript to his last paper respecting the price of coal gas in 
Sheffiela. 

If I had allowed his remarks to have passed unnoticed, he and 
your readers would be justified in drawing the conclusion, th^ 
my first paper was incoiTect, and that the consumers of gasr^in^ 
Sheffield were imposed upon by the Gas Light Company^ by 
paying a much higher price for gas than what the Company 
professed to charge them. 

Mr. R.’s first paper has been so cofi^letely answered, respect- 
ing the comparative illuminating power of the two gases in 
question, by Mr. Ldwe, of Derby, in the Philosophiccd Maga^ 
zine for the last month, that any further remarks on that hmui 
are rendered unnecessary. . . 

Mr. R. still persists in his assertion that the London Ohaitesed 
Company possess advantages superior to any other, although 
they only divide 8 percent, and yet cK^herCompanies have divided 
10 per cent. The Sheffield Gas Works are generally allowed^to 
be as well built, and as completely and conventeiidy l^tedu^ 
those of any other place ; therefore^ we nmy 
the capital employed in the buildings, &c. will be nearly rqpoaia 
par with that^ of the Chartered Company^ in propca^rionr, hb, the 
size of. the works and the quantity of gas requrrecL 
theniimat atiributed in 

onsi^ except Mr. R.J tnkd^ wifi allow titat 
tages> where the Cemu^ies^ make gresifer 
gsm mkeaper than at the^Gharlered 
be eith^ owing to superior management^ 

in that('>^]nanagemen%< . or > tot: the '.cbeimnaia^i.4i£rj^ ^ 

articles <retorU, coaL-^O nsed in 

As Mr. R« is not willing to efiow that the ciMpap|i« 

labour, &c. is of much benefit to^a.gas .lig^ 

thoug^z i entirely dbSer hiia on. that poii^ it hHm 

economical management t^at some provinciel 

advantage over the Chartered Company^ Elei^^ 
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not to ai^w this poii^. cerUoa it ia, that 

savam (3as Cght CWipaoios have odvantageB whioh the Char- 
tered Company has not, or they could not make greater dividend, 
md aeU thiir gas for a less price* 1 admit that it is one great 
advantage to a Gas light Company to have the greatest number 
of li^ts in the smallest compass ; but I have been informed by 
an able and experienced engineer ^ that the expense of the main 
pipes in London is as great upon the average, for the same num- 
oer of lights upon them, as in most of the large countiy towns, 
in calculating the price of gas from the rate cards of the differ- 
ent towns, Mr. R. assumes that all burners denominated No. 3, 
Argand, are of the same size, and consume the same quantity 
of gas. From this supposition arises, in a great measure, the 
emmeons statement in his last paper respecting the price of 
gas in Sheffield. The No. 1, Argand, used in Sheffield, con- 
sumes three cubic feet per hour, by Mr. Cleg’s, meter ; the 
No. 2 consumes 4^ cubic feet per hour ; and the No. 3 consumes 
six cubic 'feet per hour. 1 have seen a No. 3, Argand, from 
Birmingham, tned 1^ the same meter against a No. 2, Argand, 
such as are used in Sheffield, and the difference in the quantity 
of gas consumed by the two burners was only half a cubic foot 
per hour. I likewise, by the same meter, nave seen a No. 3, 
Argand, with 24 jets, consume seven feet per hour. Very few 
No« 3, Argand burners, are used in Sheffield, owing to the 
No. 2 being considered nearly equal to the No. 3, in other 
places. The average time of hghting through the year cannot 
Be calculated at a later hour than six o’clock, as that is the 
average time of the selling of the sun ; and we may frequently 
see the shops lighted up m winter an hour before the time of 
sunset. Mr. R. only calculates 34^ hours’ burning, till 10 o’clock, 
which is certainly half an hour at least too litde., The Sheffield 
card is calculate from six o’clock upon the average ; and as 
the No. 3, Argand, oonsumes six feet per horn ; in SiS evemi^s 
tQ|i eight o’clock it will consume 8756 cubic f&et of gas, which 
at 12s. per 1000 feet amounts to H* 5s* O^d * : the charge in the 
rate card is 21, os* per annum, and yet Mr. R. by his mgenions 
modn calculation, sai^, that the cost price of gas jn ^ei^eld 
is 17i* par ItSQO feet. Il|e chaige for the same bnitier 1^1 aitie 
h 31. 9s* and till 10 <yclod(^, 41, 13s*; the [ last ^ two 
chaqi^ aie rather niore than at the rate of 12«. per 1600 ^t ; 
hwt u 1h#:rmtsl amount to 201 a discount ^ 
a|b#ad, widch reduces the gas to less tba^ 
lii iMaufactories Where the meter is used,: the^neg^^ chai^rs 
fJOOQ fyet, with a discount of from.5 to 20 per cent, in 
ptMfSmtk to rental, but all rent^ of or. above 20/. are 
cent. 1 am informed that.]^e annual remtalb for 
g«| ill aiimsi of silver-plated xpiaiaiSi^^ Si^i and 

u|r(l^a#ds.^ is found to be so much supexicu to cS£pr solder-. 
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ing silver-plated goods, that it is generally ksed for that purpose 
in those silver manufactories where it is introduced. 

I hope this explanation will convince your readars that 
first statement was not so incorrect as Mr. R. wished to make it 
appear. I remain, yours respectfully, 

A SunsCKIBJER* 


Article VIL 


Researches on the Composition of the PrussiateSy or ferruginous 
Hydvocyanates. By J. Berzelius, 

iContinmd frmn jp* SOS.) 

In order to examine whether, in these experiments, the 
remaining bases be in the state of common carbonate, I heated a 
mixture of carbonate of potash with six times its k^eight of oxide 
of copper in a proper apparatus for receiving the gas that might 
be disengaged. As soon as the mixture haa acquired a redheat, 
carbonic acid gas b^an to be given off, and continued for more 
than half an hour. Tlius the oxide of copper has the property 
expelling the carbonic acid at a high temperature, and of forming 
a kind of double salt, in which it is to be presumed that one-fourtn 
of the potash is combined with the oxide of copper, and three- 
fourths with the carbonic acid. This salt is decomposed ip the 
humid way, the water seizes a mixture of taustic potash^ arid 
carbonate of potash, and the oxide of copper remains ^pdissolved.' 
This last phenomenon also ensues when oxide pf copper is dis- 
solved in hydrate of potash by igneous fusion. The. compount^ 
which in the liquid state is transparent, and of a yellow colour, 
is decomposed by water, which takes the potash, wdjkhout, at the 
same time, dissolving the oxide of copper, with whfoh it was 
combined. . - . 

It was necessary, therefore, in order to chtmna mofe decisBy 
result, to analyze a ferruginous prussiate whoae base is ihcai^bli^ 
of retaining the carbonic acid, and V chose for this 
of lead. . ^ \ 

12*35 grains of jprussiate of lead were mixed 308‘8 grains 
of oxide of oop^r obtain^ ,by ipaicihihg i^Ja' c ‘ 

ling fiirnacfe. The gaf was 
graduated receiver, in which 
To determine with the greategt" 
volume ofcaihohica^^gaa 
gas collected towatds' me 
free from atmospheric ahr, wW ekiraned se 
New Series, vol. i. 2 E; 
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sores placed in contact with caustic potash were reduced to 45*4 
Pleasures; but 45*4 x 3 ~ 136*2; which gives, as eitaetly as 
can be expected in experiments of this nature^ two volumes of 
cMbonic acid gas for one of azote. Thus this experiment proves 
that the carbon and the azote, in these salts, are in the same 
proportions as in cyanogen. No water was formed, except a 
tl^bt and unimportant trace of moisture.* The whole quantity 
©f gas obtained consisted of 102 volumes of carbonic acid and 61 
of azote ; the former weighed 3*1 grains, and the azote 0*99 gr. 
wtiich give for 100 parts of salt, lr05 of carbon, and 12*84 of 
jKEOte ; or together, 23*89 of cyanogen. This quantity, added 
to the other element of the salt employed, exceeds its weight by 
6*19, if thf bases exist in it in the state of oxide; but if the 
parussiate be composed of one atom of cyanuret of iron with two 
atoms of cyanuret of lead, the sum of the cyanogen, iron, and 
lead, obtained, gives almost exactly its weight. 

It appeared to me very easy to verify this idea by acting on 
the ferruginous prussiate of lead by sulphuretted hydrogen gas : 
I8'84 grains of the anhydrous salt were introduced into a small 
weighed glass ball, blown by the lamp. 1 caused a current of 
sidphuretted hydrogen gas to pass through the ball, which, on 
quitting it, traversed a tube filled with muriate of lime. While 
cold, the prussiate of lead was not altered by the gas, but on 
Seating the ball by a spirit-lamp, it was immediately blackened, 
hydrocyanic acid evaporated with the sulphuretted hydrogen 
ifeat passed olF in excess. No trace of moisture was perceived 
dming the operation, not even when the mass in the ball was 
led-hot in the sulphuretted hydrogen gas. The remaining mass 
weighed 17*06 grs. and was composed of sulphuret of iron, at the 
BHnimum, and sulphuret of lead. The tube containing the 
anmiate of lime had only gained 0*0077 of a grain in weight, a 
part of which was sulphur. Thus this experiment proves that in 
the anhydrous ferruginous prussiate of lead the metals are not in 
&e state of oxide ; lor even if we suppose in this experiment that 
no water is obtained, in consequence of the sulphur seizing the 
©xyren of the metallic oxides, the sulphuric acid, so produced, 
WKght to have comluned with a part of the oxides, and have occa- 
sioned a much more considerable increase of weight than was 
obtained in the experiment; on the other hand, if the salt be 
teafly composed o< one atom ofey^anuret of iron with two. atoms 
4rf cyanuret of lead, its decomposition by sulphuretted hydrogen 
sfednld give for 18*84 grains of metallic cyanuret, 17 grains Of 
•seJjfeuret ; which agrees, as nearly as possible, wit|i tile result 
©|fli|^xperiment. The composition then wijl be 
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According to experiment. According to calculation.* 


Iron 

8'81 

8*68 , 

678-43 

l^ead . « . • • 


66*18 . 


Carbon . , . , 

11-05 

ll-56\ 


Azote 

12*84 



98*61 

100*00 

7823*96 

Thus the result of analysis approaches that by calculation as 

near as can 

be expected in an 

operation of so 

Complicated a 


nature. 

If we apply this to the salt with base of potash, we ^et the 
following result : the relation of the volume of the carbonic acid 
gas, found by experiment, was to that of the azote as 3 : 2, and 
the weight of the carbonic acid gas obtained from 7*72 grs. of 
salt was 4*13 grs. : if we add one-third the quantity necessary 
to make the volume of carbonic acid twice that of tlie azote, the 
weight of the carbonic acid will be rather more than 5*5 grains, 
or 1 1 for 100 grains of the salt ; but if the ferruginous prussiate 
of potash be composed of one atom of cyanuret of iron and two 
atoms of cyanuret of potassium, 100 grs. will give 11*10 grs. of 
carbonic acid gas, a difference within the limits of inaccurate 
observation. 

The composition of this prussiate, in the state of crystyb, cal* 
culated after the formula, §Fe Cy® + 2 KCyf -f 6 Aq, gives 
per cent. 

Iron.. 12*85 SB protoxide of iron, 16*64 . 

Potassium 37*11 = potash.. ; 44*68 

Cyanogen. .... 37*22 

Water 12*82 , 

1 think it useless to dve the resale of the lialedalkxii of the 
two other salts analy^d. Tli^ accord mth the following for- 
mulae : Fe Cy® 4* 2 Cy® + 12 Aq ; and Cy® 4- 2 Ca Cy* 
4* 24 Aq. But we must remember that^ although in state of 
efflorescence, these two salts retain wate]:^\^ 

reason not ver^ easily ex|4ained. ■ I - 

These exj^riments prove that the salts called pruisiates, or 
ferruginous nydrocyanates, are in fact cyanurets, composed of 
one atom of cyanuret of iron and two atoms of of the 

other metal. 

What is the nature of these compounds t|bmy contain 
water? It is more difflcult to answer, this 
it seems to be. In thd'^lEeirru^bWs prussiiito 
lead, there is exac%^the qnantil^ of 
foim them into hydro^anht^y; 

• Ac(xndii%totheib]mida, F»^ ^ J.- .4' ^ ‘ 

§ 1 uae the sign cy far cyiaof^ uflgr &, 

2 E‘2 
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as double hydrocyaiiates. But are their elements really com- 
bined ill this manner, or may they be regarded also as cyanurets 
with water of crystallization ? 

In compound substances, whose elements may be conceived 
to be united in several ways, is it indifferent iu what manner we 
imagine the union to take place? Are the products of their 
decomposition determined solely by the decomposing power? 
A multitude of circumstances concur in favour of this idea. But 
if it were correct, a compound body, whose elements are capable 
of combining at high temperatures, in such a manner as to afford 
other compounds, endued with a certain tension, at the common 
atmospheric temperature and pressures, I say this substance 
must continually decompose in the air, till the tension of its 
elements is balanced ; and in a vacuum it cannot exist at all. 
It appears to us that nitrate of ammonia would decompose in 
this way in a vacuum, if it were a matter of indifference whether 
we consider it as composed of an atom of ammonia, an atom of 
nitric acid, and an atom of water, or of an atom of protoxide of 
azote and two atoms of water, since, in a vacuum, there is no 
obstacle to prevent these bodies obeying the influence of their 
tension, as w^ell as the preponderating Unities, any more than 
at a high temperature, when those two substances are actually 
formed. It is probable, therefore, that the elements of nitrate 
of amiiionia are combined rather as nitric acid, ammonia, and 
water, than as protoxide of azote and water. In like manner, 
when a salt effloresces at the common temperature of the atmo- 
sphere, we consider the water as existing as such in the salt, 
but retained by so weak an affinity, that it is overcome by its 
tension. 


Fulminating gold and silver explode by very slight elevation 
of temperature, and water results ; hut these substances are 
permanent in a vacuum. Tjbe hydrogen and oxygen which they 
retain wdth so weuk an affinity were npt, therefore, in the state 
of water, but combined in another manner, and it is only in the 


act of explosion that water , is formed. Bpt u in these substances, 
whose, composition depends on so weak au affinity, water be not 
produced, when the effect of* its tension is facilitated by a 
vacuum, we may presume that all bodies which exhale aqueous 
vapours in a vacuum must contain water rei^dy formed, and that 
they retain it by a very weak affinity., , . 

1 put crystals of ferruginous prussiate of potash into a vacuum 
with sulphuric acid ; at the temperature^ of 35’4^ they lost 
all their wa||r of combination : a small piece of a crystal intro- 
duced into the vacuum of a barometer made it fall 6*005 in. at 
the tg||g^Aire of 59° Fahr, I do not give this, however, as a 
. result, '^from the extreme difficulty of making a 
j|PF%o4y^xj|^ through the mercury, perfectly free from air 
PRedx)j|j||Banic^y to its surface. ,The experinte^t proves, 
noweveMHm ^e water of mystallizatlon in this salt is endued 
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with a certain tension, which varies with the temperature. It 
appears, therefore, that the salt in question contains water ready 
formed, and not hydrocyanic acid, and oxidated baaes ; for it is 
not very likely that the base and the acid should be decomposed 
and recomposed, in proportion as the tension of the water varies, 
according to the temperature and the quantity of aqueous vapour 
in the surrounding atmosphere. In this case, we must consider 
the ciystallized ferruginous prussiate of potash, as a double 
cyanuret of iron and potassium, combined with water of crystal- 
lization, after the naanner of salts, all the external characters of 
which it possesses even in its efflorescent' state. 


III. Oh the Hydrocyanaie of Iron and Ammonia, 


In order to learn the nature of the ferruginous hydrocyanatea 
with more certainty, I also examined the composition of the 
amrnoniacal one. It appeared to me at first probable that it 
might throw light upon the true nature of ammonia. If, for 
example, this salt were reducible to cyanuret of iron and the 
metallic substalice which amalgan^tes with mercury, w^hea 
ammonia is decomposed by the electric pile, and if it were pos- 
sible to obtain this salt free from water, or, what is the same, 
without oxygen, it is evident that, in this case, it would be a. 
double cyanuret, and it would be easy to d(itermine whether the 
metallic radical of ammonia is composed of an atom of azote 
and of six atoms of hydrogen, as appears to result from the 
experiments of MM. Thenard and Gay-Lussac, or whether it 
consists of an atom of nitricum and six atoms of hydrogen, 
according to the conjecture which 1 have hazarded. In the 
first case, this salt would appear to be composed of cyanuret of 
iron and hydrocyanaie of ammonia ; and the hydrogen assigned ,• 
to the hydrocyanic acid would in fact be the additional atom of 
hydrogen required to metallize the ammcmia;. In the second 
case, on the contrary, there would be no other hydrogen than 
that which is a constituent part of the ammonia. But there is 
still a third case : it is that this combination might consifet of 
hydrocyanaie of protoxide of iroii and hydrocyfahhfe of Mimonia,. 
and which would not part with the oxygen and hydi'ogen,neC€S- 
saiy to the existence of the hydrocyanaie, without bcfing at the 
same time totally decomposed ; and unfortunately this is the 
actual state of the case. 


The experiments necessary to determifUe whiish tif these cases 
happens, are neither difflcult, nOr 
results. The hydrocyanate must 

and one atom of iron : since ’ ' “ 

alkali must be double ^ 

protoxide. ; 
by beat ought to leai^e 
of 

greyest ‘ ^ 
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^mmomaeal salt {)ure, because the prussian blue of commerce 
■affords it much mixed with other substances, and during evapo- 
ration witl| them, it constantly decomposes. 1, therefore, 
prepared sdme cyanuret of iron and lead, which I decomposed 
oy caustic ammonia. The solution was evaporated in vapuo, 
and haying powdered tlie salt, 1 again dried it in vacuo to separate 
all the water mechanically mixed with it. 

In order to determine whether this salt contains any water, I 
heated it in a small retort made with the lamp, and received the 
products of the distillation in a long tube, that by the difference 
of their volatility they might be deposited at different distances 
from the heated part. The first effect produced by the heat is 
that of rendering the salt green at the bottom of the retort, and 
the smell of hydrocyanate of ammonia is perceived at the open 
end of the tube. The greenish colour was soon succeeded by a 
greyish-yellow, considerably resembling that of the pulverized 
salt before it is .heated. The yellowish stratum increased in 
thickness, and at the same time a very minute greenish stratum 
which separated it from the unchanged salt gradually rose 
towards the surface, where it at last disappeared, leaving the 
salt, completely converted into a yellowish-grey mass. During 
this decomposition, water continued forming and depositing in 
small drops in those parts of the tube which were near the 
retort. A great (juantity of hydrocyanate of ammonia was at 
the same time disengaged, and when the salt had driven the 
atmospheric air out of the apparatus, it began to crystallize at 
some distance from the water, so that the interior of the tube 
was entirely lined with its crystals. The centre, which was at 
first limpid, became gradually yellowish, and afterwards brown- 
ish nearer the crystallized ammoniacal salt ; this arose from the 
spontaneous decomposition which hydrocyanate of ammpnia 
suffers. This salt did not contain any water chemically combined ; 
for it was crystallized in the form of little rectangular tables and 
prisms, which are the usual forms of this salt when it is 
prejfiared with ammoniacal gas and hydrocyanic acid free from 
water. The yellowish mass contained in the retort was cyanuret 
of iron, the lower part of which had begun to decompose before 
the upper part was entirely deprived of water and hydrocyanate 
of ammonia. By continuing the heat, the cye.nuret of iron 
became of a deeper colour ; first, brown ; and at black; and 
disengaged azotic gas « 

. Jn order to satisfy myself that the decomposition was com- 
’ete, Ijplaced the small retort in a charcoal tire to ^ ned- 
' " " to my great surprise, the coaly i^ass burned 
miMP feen gas had been present ialhe retort. A smetS 
_ „ J^composed fwannret of iron disengsfged ga^ 
that a part ofihe mass was thrown into 
e nee!; ^ the retort. When the retort was cold, it was fonfid 
t/o ooaitijan a black pulverulent mass^, per 
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of the hydrocyanate employed. This substance^ when heatol 
in the flame of a lamp^ took fire, and conthmed to bum like 
amadou, but without either smoke or smell, and it left a fesidue 
of oxide of iron, the weight of which was precisely equal to that 
of the mass before combustion. 

In another experiment, I heated the hydrocyanate by a 
lamp, taking care not to heat it enough to occasion the deflagaa.- 
tion which occurred in the former case ; but the heat was cogs- 
tinued as long as the disengagement of gas was perceptible, ami 
the products of the distillation were passed through a tube 
containing muriate of lime, and the^ gases received over 
mercury. Tlie coaly residuum \veighed 26*3, and gave by com* 
bustion in an open vessel exactly 26*3 of red oxide of iron- it 
burned as before, but without the deflagration abovementioned 
occurring at the temperature required to inflame it. The muriale 
of lime gained 9*7 per cent, of the weight of hydrocyanate. 
heated, it gave out at first much hydrocyanate of ammoma^ 
afterwards ammoniacal gas, and lastly water much impregnated 
with ammonia. In this experiment, the quantity of water could nofc 
be determined, but it proves nevertheless that the salt cannot coo- 
tain more water than is requisite to con vert the cyanuret of iron into 
hydrocyanate : for otherwise the muriate of lime ought to have 
gained much more. The gases produced contained no trace of 
carbonic acid. 1 introduced some lime-water which absorbed a 
great quantity without becoming turbid. The liquid contained 
much hydrocyanate of ammonia, and the unabsorbed gas was 
azote. The explanation of these phenomena is very simple : the 
hydrocyanate of iron and ammonia is decomposed by heat, anal 

f ives hydrocyanate of ammonia, cyanuret of iron, and water. 

he green ^colour which appears during the decompositiwENBi 
appears to be owing to the formation of a small quantify of 
Prussian blue, which always begins the deconiposition of dm 
salt, even when in solution. When the heat is increased, the 
cyamtret of iron is decomposed, azote is disengaged, and the 
carbon remains combined with the iron. As cyanuret of kom 
contains four atoms of carbon to one of iron, the same propor- 
tions ought to be found in the carburet whi^ results from tls 
decomposition. Then in compmrmg the weight of f<^ur atoms rf 
carbon with that of three atoms of oxygen, fimt rfe found to 
be 301*66, and the last 300; so that when tbe ^nadricarburet of 
iron is converted into red oxide of the metal; ite weight should 
not alter more tiian 1-1 000th, which is too sm^ltojbe' ascertained 
in experiments made upon so minute the 

deda^ation, I shall hereafter have oecto^ 
i tried several" times to expoto 
atninoma to temperatufes* 

' whedito k - would ttot 
preserve the bydrocyao^l^ ; 
tbe eoiiqftOfiirioB 
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succeeded. Tlie water and the hydrocyanate are always disen- 
gaged together, and the salt becomes green. Even when after 
being highly dried, it gave a residuum by combustion of 28*5 per 
cent, of oxMe of iron, it still yielded water by distillation ; so 
that in drying it, 1 only commenced its decomposition, which is 
facilitated by the great tension of hydrocyanate of ammonia, and 
by the tendency of the hydrocyanate of iron to form prussian 
blue. 

IV. Prussian Blue, 

I prepared this substance by dropping a solution of cyanuret 
of potassium and iron into one of muriate of iron, to which I had 
previously added excess of acid. I washed the precipitate tho- 
roughly and'dried it. Prussian blue retains hygrometric moisture 
so strongly, that sulphuric acid in vacuo does not detach it ; and 
I have no doubt hut that this salt when dried would possess the 
property of causing water to freeze in vacuo quite as well as 
sulphuric acid and some other substances. 

1 put some prussian blue into a cylindrical glass wdiich I 
placed in a small sand-bath. 1 placed the bulb of the thermo- 
meter in the middle of the prussian blue, and heated the sandbath 
gradually until the thermometer rose to 307° Fahr. The prussian 
blue did not appear at all changed, and gave out no odour either 
of hydrocyanic acid, or hydrocyanate of ammonia, 1 afterwards 
placed the sand-bath thus heated in vacuo, with sulphuric acid, 
and suffered it to cool. A portion of prussian blue thus dried 
was weighed as quickly as possible, and then lighted at the 
edge. It continued to bum by itself like amadou, giving a 
vapour which condensed upon a funnel inverted over it : it was 
carbonate of ammonia. One hundred parts of prussian blue left 
a residuum of (iO* 14 parts of red oxide of iron, containing no 
potash. 

It is well known that when a solution of protoxide of iron is 
precipitated by prussiate of iron and potash, a white insoluble 
compound is formed which contains potash, and which by 
absorbing oxygen becomes blue. It is also well known that a 
salt with base of protoxide, which absorbs oxygen without there 
being at the same time an increase of acid, combines with an 
excess of base. Prussian blue, therefore, which is prepared by 
oxidation of the white precipitate, cannot be a neutral compound. 

I added a solution of neutral muriate of deutoxide of iron 
to a solution of cyanuret of iron and potassium, and I left 
the mixture exposed to the air until it became blue. The liquid 
w^hici still codfmined undecompose I "yanuret, remained neutrak; 
this ei^tft^^nce proves that no p jiash was set free, and o<mse<* 
quel^^P^t the blue compoun4 did not contain a quantity of 
acidl^p^^lional to^ th# capacity of tlte base which Jhad^ been 
inciSpea by oxidation. 

P/ussian blue thus prepared has properties which it dees not 
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possess when differently prepared, and which may become of 
some utility in the arts. It is soluble in pure water, but not in 
water which contains a certain quantity of any neutral salt. It 
is on this account that it does not dissolve when it is washed*^ 
and even the greater part of the saline matter is separated from 
it. A clear blue solution then passes through the filter ; but it 
again precipitates prussian blue, if it falls into the liquid which 
had previously passed through. 

I made use of a solution of sal ammoniac to separate it from 
other salts. I washed it with a small quantity of water, until it 
began to be coloured ; and I afterwards dried the precipitate by 
pressure between paper. The blue solution is precipitated by i 
the addition of muriatic acid, but the precipitate does not lose 
its solubility in pure water. Tlie blue solution is ilot rendered 
turbid by alcohol. This solubility of prussian blue is not always 
the same. Sometimes the whole of the precipitate rendered 
blue by oxidation in the air is soluble ; at other times, more or 
less of it remains insoluble. Ebullition produces no change in 
its solubility. This property in a substance, which under other 
circumstances is so insoluble, appears to be of the same nature 
as the solubility of the oxides of tin and titonium, and also of 
silica, the solubility of which is evidently different in its nature 
from that of salts. As the addition of excess of acid does not 
deprive prussian blue of its solubility in pure water, it is evident 
that this property does not depend upon an excess of base. 

In order to compare these phenomena with those which occur 
in insoluble salts of protoxide of iron, I examined the changes 
produced by oxidation in some of the latter. A great number 
of them may be preserved without undergoing alteration, or they 
become yellow by the formation of a salt with peroxide in excess^ 
But there are two, viz. the phosphate and the arseniate of pro* 
toxide of iron (the acids of which combine with bases, according 
to a different law from other acids), which, by absorbing oxygen 
from the atmosphere, change their white colour into a darker 
one, and form salts with excess of base differing as uHtoh from 
salts of the protoxide as of the deuioxide. The phosphate 
becomes blue ; it is even found in nature partly blue and partly 
white ; but in this latter case, it becomes blue in the rair in a few 
days. The arseniate, on the contrary, becomes of a deep green 
colour* The two varieties of the arseniate appear also to l^ 
found in nature^ The neutral salt has been lately found in 
Saxony : it is called scorodite ; it is a salt which contains water, 
and has the same colour as protosuiphate of iron ; the oUier has 
been long known ; it is the cubic arseniate of iron. 

There "is, , however, an easentid difference between 
and prussian blue. Thev do not foror double safes 
bases ; and when they wee decomposed by 
do not yield hydrate of dentoxidehfiron, 
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tbe contrary, the potash combining with their ^cids leaves a 
j^uhatance as black as charcoal, which contains no combined 
water, and which suffers much less change during washing than 
the protoxide : it is this compound of deutoxide with protoxide 
which I have named oxidum ferroso-ferncym ; and it is to be 
presumed that the composition of these salts may be expressed by 


Fe P® -p 2 Fe P® et par Fe As® 4- Fe As®. 

It appeared to me extremely probable that prussian blue might 
be a completely analogous compound. Its formation by means 
of double decomposition ought then to destroy the neutrality of 
the^two salts formed, and free acid ought to be liberated. 

r prepared a solution of neutral muriate of deutoxide of iron, 
and after having determined by a correct analysis the relation 
of the acid to the oxide of iron, in order to satisfy myself of its 
being neutral, 1 added it drop by drop to a solution of cyanuret 
of iron and potassium, which did not change the colour of 
tournsol. Wiien the greater part of the cyanuret was decom- 
posed, I suffered the precipitate to remain. The clear liquid was 
found to be as neutral as at first, so that the precipitate was as 
neutral a compoinid as the substances em[)loyed to prepare it. 
1 continued to add the nmriate of deutoxide of iron until it was 
in excess. The liquid hud then acquired the property of slightly 
reddening the tincture of turnsol, as must happen from the excess 
of muriate employed. The prussian blue produced in this expe- 
riment can, therefore, only be a double hydrocyanate in whicii 
the oxygen of the deutoxide is double that of the protoxide. 

1 afterwards analyzed some prussian blue thus prepared, by 
digesting it with excess of caustic potash. The undissolved 
oxide of iron w as separated and washed,"^ and the alkaline liquid 
^which with the protoxide of the decomposed blue had formed 
cyanuret of iron and potassium) was decomposed by the addition 
of corrosive sublimate, the digestion being continued for some 
hours. The oxide of iron precipitated by this process was 
washed and strongly heated to s^arate the oxide of mercury 
which was precipitated with it. The oxide of iron, separated 
fiD9m the prussian blue by potash, was to that separated by cor- 
rosive sublimate as 30 to 22. 

if the prussian blue were analogous to the phosphate and arse- 
ruate alluded to, the tw-o weights of the oxide of iron ought to 
have been in the proportion of 2 to 1. I, therefore, repeated 
the experiment wnth the prussian blue, washed, but not dried, in 
order tha^t might not be changed by the drying, anid the two 
weights thus obtained were 70*6 parts of oxide of irOn, separated 
potash, and 52 parts precipitated by digestion with the 

^ ’1 experiment previously ma4e, that the' oxide hxm Utus 
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corrosive sublimate. These proportions bein^ neither as 1 
to 2, nor as 2 to 3, 1 thought it requisite to examine whether the 
caustic potash did not in some way decompose cyanogen. I, 
therefore, analyzed prussian blue by digesting it fdir a long time 
with bicarbonate of potash. The decomposition was complete^ 
the bicarbonate left 31 parts of oxide of iron. The yellowish 
solution was supersaturated with nitric acid, evaporated to dry- 
ness, and the dried mass was exposed to a red heat. 

This mass being washed with water left 23 parts of oxide of 
iron undissolved. All these numbers agree together, and the 
two portions of oxide of iron obtained in each experiment are in 
the proportion of three atoms of oxide of iron and four atoms of ^ 
the same oxide ; that is to say, = 2935*29 : 3913*72. The 
analysis then proves decidedly, that in prussian blue prepared iu 
this manner, the oxide of iron contains twice as much oxygen as 
the protoxide, and consequently its composition is proportional 
to that of other cyanurets or ferruginous hydrocyanates ; this is 
also demonstrated by the substances from which prussian blue is 
precipitated, remaining neutral. But what is then the blue mass 
which is produced by tlie oxidation of the white hydrocyanate 
of iron ? This compound cannot be neutral, for it does not meet with 
any acid to saturate it, nor can it contain oxide of iron mechani- 
cally mixed ; first, because 1 have often seen it totally dissolve 
in water ; and secondly, because the hydrate of oxide of iron 
must alter the fine blue colour to green, as happens if the solu- 
tion in which it is formed contains an excess of the ferruginous 
salt. 

The experiments which I have made to analyze prussian blue 
by means of combustion have not given me as decisive results 
as I expected. A quantity of prussian blue dried at a lugh 
temperature gave 58 per cent, of oxide of iron by combustion. 
Another portion of the same prussian blue, weighed an instant 
after the former, was burned with oxide of copper, taking thse 
same precautions as already mentioned. The water, corbosaie 
acid, and azotic gases, obtained, indicated 45*6 parts of carbon, 
and 53*1 of azote = 98*7 parts of cyanogen. The prussian blue 
employed contained such a portion of metallic iron as would 
combine almost precisely with this quality o£ Ciyanog^^.to 
become cyanuret ; and by adding together the weight of the 
iron, cyanogen, ^d of the water obtained,, ibe weigfeti amounted 
almost precisely to that of tho prussian blue einployed, withoi«t 
leaving anV thing for the weight of the th^ oadd© ^ 

iron, which ought to exceed the hydrogen of the hydipoyanic 
acid, if the compound had oontainea excess ofbaee* 

i repeated this experiment with prussian blue 
from a neutral solution of muripte qfdeutoxideof istm;^ 
in vacuo, without heab* It left after 

of red oxide of iron; when burned with it 
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yielded carbonic acid and azote which indicated almost precisely 
the same quantity of cyanogen as in tlie former experiment. By 
adding together the weight of the water, iron, and cyanogen, it 
almost precisely equalled that of the prussian blue employed. 
No one of these experiments indicated such a relation of the 
iron to the cyanogen as ought to have been obtained according 
to the experiments made in the humid way, and already described ; 
they leave, therefore, some uncertainty as to the true nature of 
this substance. 

1 treated some prussian blue recently prepared, with muriatic 
acid to separate the excess of base, and after having well washed 
it, I mixed it with pure water, and passed a current of sulphur- 
etted hydrogen gas through it, until tlu; water was saturated 
with the gas: I then corked the bottle, and left these two siib- 
'stances to react upon each other for several flays. The prussian 
blue became of a lighter blue colour, and eventually became of 
a dirty white. 

The fluid became whitish with the sulphur precipitated ; I after- 
wards separated the white mass, and I evaporated the excess of 
sulphuretted hydrogen gas by exposure to the air. This fluid 
now reddened toiirnsol, and precipitated of a blue colour those 
-salts of iron which contained dcutoxide. ^J'he sulphuretted 
hydrogen gas on reducing the deutoxide of iron of the prussian 
blue to the state of protoxide, and then separated from it that 
portion of hydrocyanic acid by which the deutoxide had been 
neutralized in the same way as occurs with every other neutral 
salt, whose base is a deutoxide, when the sulphuretted hydrogen 
reduces it to the state of protoxide. It must also be observed 
that the acid liquid in question contains no pure hydrocyanic 
acid ; it still contained iron : it was the ferruginous pi ussic acifJ, 
which I shall hereafter consider. 

The mass which was rendered white by the action of the 
sulphuretted hydrogen regained its blue colour by exposure to 
the air, and became at I he same time partly soluble in pure 
winter. The blue solution again Created with sulphuretted hydro- 
gen deposited a black substance, did not again become acid, 
iior did it again acquire the property of precipitating the solu- 
tions of deutoxide of iron of a blue colour. In the same manner, 
the insoluble portion of the regenerated! blue became black by 
sulphuretted hydrogen. These experiments prove then that there 
a^ppactually two blue compounds, one of which is neutral, and 
cornposed of three atoms of hydrocyanate of protoxide and four 
atoms of deutoxide of iron ; that is to say, the last contains 
twice as much oxygen and acid as the first. The other appears 
to be composed of an atom of hydrocyana;te of protoxiae and 
of tWd Ittoms of subhydrocyanate of deutoxide of kem, toalogous 
to b}uo . phosphate of iron and the grben arseniate of the same 

metal.:'' 
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It is evident that the phenomena produced by the metallic 
cyanurets and hydrocyanates can be explained onlk by a theory 
analogous to that proposed for the muriates by M]VL»Gay-Lussac> 
and Thenard, and which was afterwards adopted and developed 
by Sir H. Davy; and this analogy of the phenomena presented 
by the cyanurets is undoubtedly a circumstance which is very 
favourable to this theory. 

It seems to follow from the experiments above-mentioned, 
that the cyanurets of very electro-positive bases ; that is, of the 
metals which form alkalies, do not decompose water, and do not 
forai hydrocyanates. The weaker bases, such as glucina,* 
ammonia, the greater number of metallic oxides, on the contrary, 
become hydrocyanates, which, when exposed to a high temper- 
ature, either do not become cyanurets, or do not form them 
without having a part of their cyanogen decomposed by the 
oxygen of the bases, and yielding at the same time carbonic 
acid, ammonia, and metallic carburets. With the exception of 
hydrocyanate of iron and ammonia, it appears that when one of 
the bases occurs in the state of hydrocyanate, the otlier is so 
likewise ; so that there is no compound of a cyanuret and a 
hydrocyanate. When the cyanurets combine with an additional 
quantity of base, it appears that the cyanuret becomes an hydro- 
cyanate, and that the whole becomes a subhydrocyanate ; such 
is probably the state of combination of cyanuret of mercury with 
oxide of mercury. 

Before I conclude these observations, I shall say a fewyvorda 
upon the acid called ferruginous hydrocyanic acid, and which 
has been considered as a peculiar acid, of which the iron is an 
element. This compound is produced when a stronger acid 
combines with the second base of a ferruginous hji^drocyanate 
then the whole quantity of hydrocyanic acid combines with the 
protoxide of iron, and these results are hydrocyanate with excess 
of acid, in which the protoxide is combined with three times as 
much acid as in the neutral salt. All that I have already stated 
upon the nature of the cyanurets and ferruginous hpdrocyanates 
is evidence in favour of this manner of regarding this acid sub- 
stance. Porrett has described two methods of obtaining "thia 
acid, one of which is to decompose the cyanuret of iron and 
barium by sulphuric acid; and the other to decompose the 
cyanuret of iron and potassium by means of a solution of tartaric 
acid in alcohol. The fluid being left to spontaneous evaporation, 
crystals are obtained, Heither of these methods gives the 
superhydrocyanate of iron in a pure state. 

* Glttcina gives a soluUe hyUzocyanate, -vhich, reduced evapctai^ 
transparem varnish, which u bluish. It is obtained by the davl^ deomBpoidtion - 
of sulphate of gludna and cyipttret oflead and iron. There » jiIko hyd^ 

cyanate of alumina. When neutral, it u but slighdy. soluble ; hut tvilh vxvm of aeid, 
it may be Resolved. It is pr^ared with hydrate of aiutmna imd iteti|pitou8 foussic 
»cid. ^ ^ ‘ * 
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I prepared it in the following manner: I took some cyanuret 
of iron and lead which had been well washed but not dried, and 
I decomposed it under water by a current of sulphuretted hydro- 
gen gas, until the sulphuretted hydrogen was in excess. I 
immediately filtered it, and evaporated it in vacuo in the usual 
manner. But as sulphuretted hydrogen spoils the air-pump, I 
afterwards took the precaution to decompose the sulphuretted 
hydrogen by the addition of a small quantity of cyanuret of iron 
and lead. The filtered fluid remained limpid and colourless in 
vacuo, and it eventually leaves a milk-white opaque substance, 
which has no appearance of crystallization. This white matter 
has the following properties : it dissolves in water, to winch it 
imparts an acid and agreeable flavour, but which is rather 
astringent. In contact with the air it deposits prussian blue, 
and assumes a greenish colour. It is inodorous, unless it has 
begun to decompose. When boiled, the liquid gives out hydro- 
cyanic acid, and deposits a powder which becomes blue in con- 
tact with the air. ft is necessary to boil it for some time to 
decompose it entirely. The fluid, when half decomposed by 
ebullition, has seemed to me to possess a more astringent taste ; 
I will not assert, whether by this operation, there is formed 
an hydrocyanate of iron with a smaller excess of acid. If cold 
water be saturated with dry superhydrocyanate, and the solution, 
be suffered to remain, it gives small transparent colourless crys- 
tals which appear to contain water of crystallization, but I have 
not been able to determine their form. The crystals are formed 
in groupes composed of concentric rays. The rays appeared to 
me to be quadrilateral prisms. If I were permitted to conjecture, 
I would say that these ciystals are a hydrocyanate in which 
water replaces the second base that existed with the protoxide of 
iron. The white substance obtained by evaporation in vacuo does 
not appearto contain any water, or rather appears to be the §uper- 
hydrocyanate of protoxide of iron without water of crystalliza- 
tion ; for if it be distilled in a small and proper apparatus, it 
gives at first hydrocyanic acid ; afterwards carbonate 6f ammo- 
nia and prussiate of ammonia. The production of ammonia in 
this experiment proves that what remains after fhe hydrocyanic 
acid which is first evolved is a hydrocyanate, and not a cyanuret, 
because, in the latter case, it could only have given hydrocyanic 
acid and azotic gas. This substance rnay be kept without alte- 
ration in well-closed vessels, but in the air it gradually decom- 
poses, becomes at first greenish, afterwards Hue, and finishes 
by being entirely converted into prussian blue. 

V* On Decomposition of Hydrocyanates hy Exposure to a 
High Temperature in close Vessels^ 

It*is evident from what 1 have above stated that seveml cya- 
nurets wlhien exposed to heat in closed vessels must exhibit 
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phenomena differing from those which have been hitherto 
admitted. 

I have examined some of them with this view, and I think 
that I can draw conclusions from my experiments regarding the 
whole class of cyanurets. 

1 . Cyanuret of Iron and Potassium, — I heated this in a small 

apparatus, so arranged as to collect the gases evolved. At a 
heat near redness, it melts ; and before this, it gives nothing 
volatile or gaseous. But at a strong red heat, it is filled with 
small bubbles which are disengaged at long intervals, and it 
remains in this state, even at a temperature at which the glass 
softens. While cooling, it has a dccp-yellow colour ; but it 
becomes almost colourless upon cooling to the temperature of 
the atmosphere. Dissolved in water, it leaves a small quantity 
of quadri carburet of iron in black flakes, and the solution has 
alkaline properties and smells of hydrocyanic acid. The gas 
obtained possessed all the characters of azote. The cyanuret of 
potash separated from cyanuret of iron thus decomposed gives 
hydrocy dilate of potash with water, from whence its alkaline 
property and hydrocyanic odour are derived. * 

2. Cyanuret of Iron and Barium treated in the same manner 
IS more easily decomposed at a red heat, gives abundance of 
azotic gas, and leaves a residuum of cyanuret of barium and 
quadri carburet of iron. The d^^^ncip^sition is usually so com- 
plete, that the solution gives no blue with solutions of deutoxide 
of iron ; but there are obtained a solution of a fine purple-red 
colour, and a red precipitate. This red compound was first 
observed by M. Vauquelin : he obtained it by treating deutoxide 
of iron by hydrocyanic acid. That which was obtained in the 
manner now described was not decomposed by ammonia ; and 
after being evaporated to dryness, it was again partly soluble in 
water. Another part appeared to be decomposed, and was 
changed into a greenish mass. 

3. Cyanuret of Iron and Calcium is still more easily decom- 
posed than that of barium. As it retains more water relatively 
to its volume, it gives small drops of water, and a little carbonate 
and hydrocyanate of ammonia. Towards the end, and when the 
heat becomes red, it burns, but not vividly, in the same manner 
as before observed, with respect to the hydrocyanate of iron and 
ammonia. 

4. Cyanuret of Iron and Lead, — If it contains v ater, hydro- 
cyanate of ammonia is obtained, which readily decomposes, and 
becomes brown. At a red heat, it begins to evolve azotic gas, 
and gives nothing else. When the disengagement of gas is 
finished, if the retort be put in the middle of the fire, vivid com- 
bustion is produced. Ir tthis temperature be employ^ befdfe 
the cyanuret is decomposed, jthe disengagement of azotic gas 
occurs with such rapidity during the combustion^ tinut a j^orticm 
of the coaly mass is carried up with it* Jf aU the water has 
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been separated from the cyanuret before the 'commencement of 
the experiment, the residual mass is a double carburet, composed 
of an atom oi'quadri carburet of iron and two atoms of quadricar- 
buret of lead, Fe 4 - 2 Pb C*. If, on the other hand, the 
cyanuret contains water, one part of the carbon of the cyanogen 
is converted into carbonic acid at the expense of the water, and 
there is a deficiency of carbon in the quadricarbnret of iron. It 
has been supposed that the residual mass, after the decomposi- 
tion of cyanuret of iron and lead, is a kind of pyrophorus ; this 
is an error probably derived from the circumstance of the carbu- 
rets thus obtained taking fire readily at a lower temperature than 
is sufficient to Inflame other bodies 5 so that, if the retort be 
broken before tlie contents are cold, they take fire, and continue 
to burn like amadou. 

5. Prussian Jihie . — Prussian blue treated with muriatic acid 
was dried at the temperature of 33b Fahr. and afterwards decom- 
posed. It gave at first pure water, then a little hydrocyanate of 
ammonia, and afterwards a great quantity of carbonate of ammo- 
nia, but alw’ays followed by moisture. After the evolution of the 
volatile bodies, I placed the retort in the middle of burning 
charcoal, and there was produced a quick and brilliant combus- 
tion, as with the hydrocyanate of iron and ammonia. 

Fifty parts and 7-l()ths of the black mass which remained in 
the retort were burned in a small capsule previously weighed, 
54*80 parts of red oxide of iron were left. This relation between 
the weights of the carburet of iron and that of the oxide, agrees 
precisely with a tricarburet of iron Fe ; for, according to 
calculation, 50*7 of tricarburet of iron ought to give 54*89 parts 
of red oxide of the metal. As water accompanies the products 
of the decomposition of prussiaii blue, from the beginning to the 
end, it is evident that the affinity of iron for carbon keeps them 
in a fixed state of combination, and consequently the proportion 
of carbon in the carburet of iron obtained l>y the decomposition 
of Prussian blue is not an accidental circumstance. 

0. Hydroci/araite of Iron and Copper . — This compound con- 
tains w^ater, besides that w hich converts it into hydrocyanate. It 
gives during defcomposition much water, some carbonate, and 
hydrocyanate of ammonia. The phenomena of combustion may 
be produced in the mass, but for this pur[)ose, a very high tem- 
perature is necessary, and yet it is not very brilliant. The resi- 
dual mass is black, and possesses the external characters of 
those already described. It inflames readily, and continues to 
burn by itself; 27*7 parts of carburet yielded 28*9 of the two 
oxides, both at the maximum of oxidation. The numbers agree 
with a compound of an atom of quadri carburet of iron and two 
atoms of bicarburet of copper; that is to say, Fe -f 2 Cu 

7, Hi/drocyanate of Iron and Cobalt . — If this hydrocyanate, is 
well dried, it gives only a small quantity of water, carbonate and 
hydrodyanate^of ammonia, at the boiling point of mercury. Its 
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deep green colour <ihanging at the same time, and becoming oi 
a lignter green. At a higher temperature it blackens, gives 
azotic gas, and finishes by detlagratiiig. The iilack mass 
appears to be Fe + 2 Co O, of which a small quantity of 
carbon is accidentally lost Ijy the presence of an indeterminate 
quantity of adhering moisture. 

8. Ci/anuret of Mercurt/ has been so thoroughly examined by 
M. Gay-Lussac that 1 have nothing to add, excepting that the 
coaly mass which remains after the decompositif)ii of this cyanu- 
ret is derived from the formation of carburet of mercury during 
the decomposition, and tins is the reason why the cyanogen is 
always mixed with azotic gas. It is this carburet which reiidem 
the mass black, and at last, when exposed to a higli tempera- 
ture, the mercury is volatilized, and the charcoal remains. 

There is also a double cyanuret of iron and mercury, or rather 
a double hydrocyanale of protoxide of iron and deutoxide of 
mercury. It is obtained by dropping a solution of corrosive 
sublimate into one of cyanuret of iron and potassium. A 'W'hite 
precipitate is formed ; but it is decomposed not only by ebulli- 
tion, which causes the cyanuret of mercury to dissolve, and 
leaves that of iron insoluble, but also by the contact of the air, 
which causes the cyanuret of iron to become prussian blue ; so 
that 1 have not been able to obtain it in a dry state. 

i). Ci/anuret of Iron and Silver becomes bluish ]>y exposqre 
to a little too much during drying. It is a cyanuret, and not an 
hydrocyanate. When decomposed, it gives at first cyanogen, 
and afterwards, when the cyanuret of iron begins to decompose, 
it gives azotic gas. The phenomenon of combustion occurs at a 
lower temperature than with other cyaiiureOi. The residual 
mass is a mixture of metallic silver and quadricarburet of iron, 
from which the silver may be separated by being well tritu- 
rated with mercury. 

{To be conliuucd,) 


• Akticle vul 

On the Application of Howard* s Fulminatmg^ Mercuru to the 
, Discharge of Ordnance. By John Deuchar, MWS. Lecturer 
on Chemistry in Edinburgh. 

(To the Editor of the Annals of Philosophy.) 

, SIR, £dinbmgh^ March 18SU 

1 HAVE just read a cotnimflic^ion from your 
T. N. R* M. in the number nf die Amais tor this mon|h« He 
seems to have overlooked that part of my paper ne^ the oC, 
page 91 , in whidh i mention that 1 had used fuaminatmg 
New Series, vol, i. 2 f 
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mud tJbat it rent asunder the steel plate at thie top of the appa^ 
latus without firing the gunpowder at the bottom. However, as 
he swggeste^l the tri*al of difiereiit proportions of the fulminating 
mercury with sulphur and charcoal, and that too with the know- 
ledge of mixtures of these three ingredients having been used in 
several secret experiments some time ago performed in Pans, I 
have repeated my experiments with Howard's fulminating mer- 
cury weakened w ith the above two inflammables. 1 first tried to 
fire gunpowder wdth it, through fiannel, at the bottom of the 
apparatus (Plate HI. fig. 1), p. 89, when I found that i^t not only 
did /lot inflame the gunpowder, but failed completely in tearing, 
or even moving, the paper at the bottom of the tube. 1 next 
med the effect of exploding the mixture at the top, when the 
tube presented no resistance at all to any flame that might pass 
along, but i found that no light appeared at the bottom, although 
I performed the whole in a dark situation. 1 then shortened 
tlie tube, but still iound that there was no flame sent out at the 
«i^nd ol’it. 

In some of these experiments, equal parts of Howard's fulmi- 
jaiating mercury, sulphur, and charcoal, were used ; in others, 
two parts of the mercury were taken to one part of each of the 
rest ; and in others again the proportions were still further 
varied. I remain, yours respectfully, 

John Decchau, 


Article IX. 

Notice of a Paper (aid before the Geological Soviet j/ ou the Struc- 
iurc if the Alps and adjoining Paris of the Corttutenty and their 
Relation lo the Secondary ami Trans}tion Rocks of England. 
By the Bev. W. Biickland, Professor of Mineralogy and Geo- 
logy in the University of Oxford, FRS. FL8. MC8. &,c. 

The detail of the phenomena of which I have endeavoured J:o 
mclude a brief summary in this prospective notice, will form the 
subject of a future and more extensive communication to the 
Geological Society. My immediate object is to present an 
abstract of the leading points of resemblance between the rocks 
of the Alps, and those which occur in our own country. 

Of the primitive alpine rocks that form the central axis of this 
anost elevated and most important mountain chain in Europe, I 
Iba^e only to observe that they present such an identity of sub- 
stance and circumstances witn the primitive rocks of other parts 
©f the world, that*any detailed account of them will be unne- 
cessary. 

But with, regard to the transition and secondary strata that 
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o^ur in these same elevated regions, much difficulty exists, and 
much error prevails, which it will be m/ object to endeavour to 
do away. * 

The term transition (for example) is applied by many of the 
first geologists of the Continent to a class of alpine rocks ©f the 
same age with those which in England are jutr-tly considered 
secondary, and which constitute the new red sandstone, or red 
rock marl formation, of the English geologists ; and the alpine 
limestones which have been supposed to have pretensions to high 
antiquity will be found on closer examination to be contempora- 
neous vvitli the magnesian limestone, and oolite formatic^is of 
England, and consequently more recent than our great coal for- 
mation and mountain limestone; with which lattc^i' its name, 
external aspect, and eh'vated position, would at first seem to 
associate it. It will be found moreover that the mountain lime- 
stone and great coal formation of England do not occur in the 
Alps. 

The tertiary formations also constituting the molasse and 
nagelflue of the Great Valley of Switzerland have been mistaken 
for the new rod sandstone beds of England. 

The causes of these mistakes I shall point out, and endeavour 
to do away ; they consist partly in the enlarged bulk, and partly 
in the want of distinct features, and of tangiWe character, which 
accompany all secondary strata as they enter the Alps. 

1 shall hope, how'ever, to prove their identity \vitli English 
formations by the evidence of actual sections ; and to show that 
a constant and regular order of succession prevails in the alpine 
and transalpine districts, and generally over the Continent, and 
that this order is the same that exists in our own country. But 
though referrible to the same system, and coeval in point of time, 
and conformable with respect to their relative order of succes- 
the formations of England and the Alps are much disguised 
by local circumstances, and present widely varying features, the 
extremes of which it would he impossible to identify without the 
fortunate interposition of certain connecting links that are equally 
related to, and partake equally of, the characters of them both. 

The most remarkable anomaly is the total absence of the 
English mountain lime and coal formations ; while our oolite and 
magnesian limestones (under the name of alpine limestones) rise 
unto the most elevated crests and pinnacles that crown the sum- 
mtts of this gigantic chain. The following are among the 
greatest heights which they occasionally attain : 


Feet. 

Ortler, in Tyrol 14,466 

Jungfrau, in Switzeiiand 12,872 

Dodi Berg, in ditto 10,052 

Tiltis 10,000 

Diableretz 8,240 • 

Dent de Morcle 7,600 


2 F 2 
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In the Pyrenees also we find the same limistones forming the 
most elevated ridge and great water shed of that vast chain, and 
rising in Mrnint l^erdu to 10578 feet, and in the Torre de Mar- 
bore to 1(),2(>0. 

These alpine limestones include nearly all the calcareous for- 
mations of England, from the magnesian limestone vvhich lies 
next above our coal measures upwards to chalk, piled on each 
other without any subdividing strata of clay or sand, and all 
assuming the common character of a compact grey marble, pos- 
sessing no \ aridtions by which one part of the formation can be 
distinguished from another. And such is generally the feature- 
.less condition of the great calcareous masses, which, extending 
^froni the Pyrenees through the south of France by Avignon to 
.Dauphine, stretch thence nnintennptedly through Switzerland, 
Tyrol, Sahzburg, and Styria, to the Danube below Vienna; 
while on the stmth side of the central Alps a similar calcareous 
mass extends from the Lago Maggiore and Como through the 
Italian Tyrol into Croatia and Dalmatia. 

j Fortunately ibis want of distinguishing feature is not universal; 
occasionally spots occur in which the strata present evidences 
.which identify them with tliose of England, and throw light on 
the histoiy ot the larger and less distinctly characterized masses 
of which they form a part. 

The general structure id' the Alps and Jura mountains, and 
the valleys adjacent, reduced to their most simple form, may be 
briefly stated thus : 

1. General Structure of tJic }i^rvul Alpine Chain. 

'I he centra] axis of this vast chain extending continuously 
north eastward from Savoy through Switzerland, T^u'ol, and 
Styria, to Presburg, is composed of primitive rocks, the average 
breadth of winch js about bO miles. In contact with these are 
extensive masses of transition rocks, but their presence is irregu- 
lar; and when tliey occur, there is nothing in the external fbatures 
of the country to mark their junction with the primitive masses. 

This central ridge of iniuiilive and transition rocks is bounded 
on each side by two vast belts of alpine limestone, coextensive 
with, and continuous beyond the primitive chain. The elevation 
of the latter sinks gradually as it advances north eastward, till, 
near Presburg, it drops below the bed of the Danube, and on the 
north of that river again gradually rises to form the chain of the 
Weise Gebirge which connects the Alps with the Carpathians. 

The lateral belts of alpine limestone maintain their elevation 
more constantly than the primitive chain, and extend themselves 
far beyond it ; the north belt stretching north-westwards from 
Daiiphine into Languedoc, and to the Pyrenees, and the south 
belt south-eastward by Carniola into Dalmatia. 

These lateral belts are divisible iiito two systems, the elder 
aiid younger alpine limestones ; the former contemporaneous 
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with the magnesian limestone that rests in the coal formation of 
England, and characterised by containing gypsum, salt and 
metallic ores, and occasionally beds of saliferous murl, red sand- 
stone, and rouhwacke ; the latter entirely destitute of all these 
substances, and comprehending beds whicli their organic 
remains and superposition to the elder alpine limestone and 
occasional structure show to be contemporaneous with the lias 
and oolite, and sometimes green sand and chalk formations of 
England. The chalk seems to occur only on the Italian side of 
the Alps, near Vicenza. 

These beds of alpine limestone are bounded externally by the 
Tertiary f ormations of the Plain of l^ombardy on the south ; and 
by similar tertiary formations in the Great Valleys of the Danube^ 
and of Geneva on the north. ' 

Internally, they are terminated by two precipitous escarp- 
ments; one on eacJi side of, and both risijig towards, the central 
primitive ridge. 

Between these two escarpments there are detached ridges 
and insulated or outlying masses of the same alpine limestone 
covering occasionally large tracts of the intermediate primitive 
countiy. 

Notv , — The great north escarj>ment produces a remarkable 
effect upon tile upper courses of all the important rivers that 
rise on the north side of the central wuitershed of the Alps, i. e. 
the Iserrc', Rhone, Rhine, Inn, Salza, and Eiins. 

Most of their tributary streams take origin in the central pri- 
mitive ridge, and descend iiorthw^ards till they meet tlie great 
escarpiri(;nt of the alpine limestoiU's. On approaching this, they 
are suddenly deflected nearly at right angles to their former 
direction, and run under it from 50 to 100 miles, till some gorge 
or fracture in the limestone allows them to escape into the plains. 

The above rivers cuter their gorges at the following places : 
The Iserre at Grenoble. Rhone at St. Maurice. Rhine at 
Sargans. Inn above Kufstcin. Salza at Werfen. Eniis at 
Hifiau, 10 miles north of Eisenertz, in Styria. 

The extent of their course under the escarpment is as follows; 

Iserre from Conflans to Grenoble. 

Rhone from the Furka to St, Maurice, 

Vorder Rhine from its source to Coire. 

Inn from Landek to Inspruck andKufstein. 

The course of the Upper Salza is not in the valley immediately 
subjacent to the limestone escarpment, but in a parallel valley 
of primitive rocks at no great distance to the soutu of it. 

Some minor rivers between this valley and the escarpment are 
similarly alfectei by it, and escape by minor gorges, 

Enns from Radstadt te Hifiau, 

The south calcareous belt appears to dip (at least at ite west 
extremity near Como and Verona) towaras the plain or Lorn- 
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bardy, aiid f^iiik beueatli the tertiary formatiifjns of the»basin of 
the Fo; while the north calcareous belt, being disposed in a kind 
of trough shape, has a double dip ana double escarpment, dip* 
ping northwards along its line of junction with the central pri- 
mitive chain, but changing its inclination, and again rising with 
an highly elevated escarpment also towards the north, along the 
line of its termination in the Valley of the Danube and of ^wit* 
“zerland . 

At the foot of till -i north escarpment, the limestone rests gene- 
rally on a basis of greywacke, dipping southwards under the 
limestone tow^ards the central Alps, and being often much dis- 
torted! and even vertical. 

The same greywacke appears irregiilaily along the base of its 
south cscarjnnent, and may be seen at Werfen, bO miles on the 
south of Saltzburg. 

The sdutli calcareous border rests sometimes immediately on 
primitive slate without the intervention ol‘ any transition rocks, 
but more frequently upon an extensive deposit of red sandstone, 
red conglomerate, and porphyry, wliich are considered as belong- 
ing to the transition formation by Brocchi and most W'riters on 
the Alps, but which appear to be contemporaneous with the new 
red sandstone f ormation of England. 

The following order of succession, founded principally on the 
rocks that occur in Switzerland and the Tyrol, may bo considered 
as a type of the general structure of the Alps and valleys adja- 
cent to them. I shall arrange them in classes according to the 
names by which they are generally known on the Continent, and 
point out the analogies which the component members of each 
class bear to the strata of England. 

1 . Tertiary Formations, 

These formations are principally composed of strata of sand, 
Kandstone, clay, and limestone, of nearly the same age with the 
formations above the chalk in the basins of London and Paris, 
and containing subordinately beds of marlstone and coal, in both 
of which are occasionally found freshwater shells. The sand- 
stone and conglomerate constitute the molasse and nagelfiue of 
Switzerland, and their order of succession is ; 1. or uppermost, 
nagelfiue; 2. freshwater formations ; 3. molasse. The thickness 
of 1 and 3 is from 3000 to 4000 feet. The occurrence of fresh- 
water ffjrniations is partial, and their thickness not considerable. 

The molasse and nagelflne occupy the Great Swiss Valley 
extending from the Lake of Geneva to that of Constance, from 
whence they continue down the Valley of the Danube into the 
jplains of Hungary and Trahsylvania : they are occasionally 
accompanied by limestone that bears a strong resemblance to 
the calcaire grossier of Paris. *’ 

II. Yomig^r Alpine JJmestom* 

1. Chalky fissuming the form of bard cnmpaict 
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passing,* as in Lincolnshire, from brick-red to pure-white coioiir, 
and containing nodules of black flint, occurs in the Subalpine 
Hills of the Vicentino on the north of Vicenza and Verona, and 
at Montcselice near Padua. * 

2. Greui Sand, — Dark sandy limestone, interspersed mtk 
grains o(‘ green earth, and containing abundauUy the same 
organic remains with the green sand formation of Englaiijd^ 
especially lhat near Folkstone. it occupies a considerable 
extent in Savoy and Switzerland, vAiere it rests on oolite, and 
constitutes the most recent beds of the younger alpine lime* 
stone, forming tlie summits of the Varens, Duel, Dent de 
Morcle, and Diabicretz mountains, at an elevation of 70fl0 or 
8000 leet, and ranging in a line parallel to the central prinuUv<L 
chain of Mont Blanc across Savoy from the valley'of the Arv'e 
to that of the ilhoue. 

3. Oe/Z/c, or Jma Limestone. — The two principal varie- 
ties of this I'ormation are : 1. A compact grey marble ; 2. A 
granular oolite; the lalter occurs abuiidantiy in the Tyrol, 
in the valley of the Adige below Trent, and occasionally lu 
the Saltzburg mountains ; the former pn?vails in Switier- 
laiid, and generally through the Alps; near Aigle, on tht 
south-east of Vevey, it assumes the character of red com- 
pact marble similar to that of Saltzburg; and at Rocho, 
the same neighbourhood, it is full of organic remains jesem- 
bling those of the English coral rag ; but from the couip-ducA 
nature of the matrix m which they are imbedded, these are 
visible only on the surface of the weathered blocks. This iasi 
observation may be applied also to a large proportion of the 
younger alpine limestone beds in the Tyrol and Saltzburg, in 
which the organic remains are for the most part concealed by 
the extreme compactness of the stone ; but, when apparent, are 
referrible to the same classes with the oolite fossils of England. 
Such remains are distinctly visible atNafels, nearGlarus,in Swit- 
zerland, and at Halstad, in Saltzburg; where also the limestone 
becomes partially oolitic. 

4. Lias. — The lias tlike all the other formations in the Alps| 
is destitute of its alternating beds of clay, but maintains its posi- 
tion between the oolite and new red sandstone. At the salt 
mines of Bex, it reposes immediately on the upp^r bed of fealife- 
rous gypsum, where it is a dark-blue compact limestone, aisd 
contains ammonites, nautilites, terebratulites, and many bivalves 
identical with those of the has of England. 

At Halstad, it occupies a similar position between the oolitr 
and red marly sandstone that covers the saliferous limestooe* 
and is full of ammonites, belemnites, and other lias fossiia. At 
Seefelden, near Inspruqjc, it contains flsh similar to those whiefc 
occur in the English lias at Lyme Regis. And at Misdie^ 
near Trent, it may be seen dividing the oolite from the red 
imd Miy red aai^ibtasie. 
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III. Elder Alpine Limestone. 

MagtiesiQii Limestone of England . — The thickness of this 
formation in the Alps is very considerable, and we must refer to 
it a large class of rocks which are placed by Brocchi, Charpen- 
tier, and other writers, among transition limestones. Mr. Ebel 
has lately proposed to call them by the name of Hochgebirgs 
Kalkstein (high mountain limestone) from the great elevation 
they usually attain. The limestone is here and there precisely of 
the same character with the English magnesian limestone ; but 
in general it is less abundantly charged with that earth than it is 
witl/iis, though it presents at intervals nearly all the varieties 
that attend^ this formation in England and Germany. Its pre- 
vailing character in the Alps is a dark compact limestone, not 
easily distinguisliable from the compact younger alpine lime- 
stone without the aid of its occasional metallic contents, and of 
the subordinate beds that occur in it : the latter are referrible to 
the following strata of the magnesian limestone formation that 
are well-known in Germany. 

1. Zvehstein . — Dark compact stratihed limestone sometimes 
much charged with silex, alumine, or bitumen. Localities : Ax- 
enburg, on Lake Lucern, north border of Lake Wallenstadt, 
Ischeil salt mine in Saltzburg. 

2. Asche . — Dark grey limestone, of minute* sandy grain, 
rough to the touch, ana decomposing to loose powder, resem- 
bling aslies. Its most, compact varieties are often split into 
sman aimular fragments, which are reunited into an irregular 
breccia. 

Localities: Pass of Guncles under Galanda Berg on the west 
of Coire, in Switzerland. Reichenhall salt springs in Saltzburg. 

3. Rouhivackf . — A brccciated limestone composed of an 
agglutination of angular fragments of dolomite, not rolled, but 
formed apparently during the consolidation of the compound 
rock in wnich they are inclosed. The fragments are more 
loaded with magnesia than the matrix in which they lie; they vary 
in colour from yellow to red, have a pearly glimmering aspect, 
and decompose spontaneously to a yellow pow^der, leaving small 
angular cells ; the intercellular substance forms a hollow rugged 
.mass, to which the term rouhwache (roughstone) has been 


applied in Germany, 
^is variety is us 


^is variety is usually found near the deposits of salt and 
sum, and also in the beds of asche and zechatein. 


Localities: Bex Salt Mine. Leisigen on Lake Thun. Weiss- 
taniien, near Lake Wallenstadt. Mischeil, near Tihilit, on the 
Adige. All the Rock Sah Mines of Tyrol and Saltzburg. 

4. Rogemtein (Roestone). — ^An ooirtic form of magnestan 
limestone, well-knov^n in the Thutingervald, and which has 
often been mistakeri for the English odKte, or Jura Kmestone, 
but difihrs froip it in being of much higher iMhfiiity as wdMi a« 


en on Lake Thun. Weiss- 
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in character and|composition. The Jura and English oolite 
being usually of* a light-yellow colour^ inclining to white ; while 
the rogenstein is of a dark-brown colour/passing to dull-red : its 
oolitic concretions are of concentric structure, aiuJ* vary in size 
from minute grains to that of a large bean. In !plngland they 
attain the magnitude of a cannon-!)all at Sunderland near New- 
castle, and are of a lighter colour than in Germany. 

Localities : Hall Salt Mines, near Inspruck ; near the bridge 
of St. Maurice, in Switzerland ; Bridge, three miles south of 
Reichenhall, in Saltzburg, on the road to Bertolsgarten. 

Ail these varieties of the magnesian limestone formation, or 
elder alpine limestone, lie in the midst of, and often pass mto, a 
dark cornj)act grey limestone. In the same limestone there 
occur also subordinate masses of dark blue shale’, and of red 
sandstone ; these may be seen in all the salt mines of Tyred and 
Saltzburg, where they have masses and veins of salt and gypsum 
dispersed throughout their substance. The gypsum is usually 
attended with much anliydiitti, sometimes forming (as at Bex) 
the larger portion of the entire mass. The gypsum is often 
destitute of salt, but the salt rarely (if ever) occurs imattended 
by gypsum. Deposits of gypsum occur abundantly in other 
strata ; but salt seems to be confined exclusively to the compo- 
nent rocks of 1h(' magnesian limestone and new red sandstone 
formations. 

Localities of salt : Hall, Ilalstadt, llalheim, Anfsee, Bex. 

Salt is known to occur in Switzerland only at Bex ; but the 
gypsum extends from thence north eastwards in a line parallel 
to the centra! chain to Leisegen on Lake Thun by the valleys of 
Gsteig, Ander Luc, Lauenen, and Adelboden. It is found also 
on the south-west ol* Bex at Val de Lie and other places on the 
continuation of the same line through Savoy, south westward. 

IV. Transition Hoclxs {improperij/ so called.) 

Alternating with the lower members of the magnesian lime- 
stone, and interposed between them and the true transition rocks 
is an important deposit which must be separated from the latter 
class, and placed with the new red sandstone, and new red sand- 
stone conglomerate of England, although ranged among transit 
tion rocks by most winters on the Alps, and by .Brocchi in his 
Account of the Val di Fassa, in Tyrol. 

This alpine formation admits of subdivision into three varie- 
ties : 1. New red sandstone; 2. New red conglomerate of 
England, or old red sandstone of Werner ; 3. Porohyry. 

f' New lied Sandstone, or Banter Sandstomofnerner . — ^Tbe 
component beds of this formation are seen to great advantage 
in the Valley of ttie Adi^e, 10 miles north of Trent,, and in 
VaHey of the Avisio, which descend# from the Val di Faasa into 
that oLdie Adige in the same neighboorhood** In both thshBe 
valley# they ocenpy the lower regions of moimtainSf ivhpae sum- 
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are composed of alpine limestone : their^ordinary form is a 
slaty micaceous sandstone, resembling red grey wacke, alternating 
with beds of 'marly sahdstone and red marl ; in the two latter^ 
diere occur^abundantly beds and nodules of gypsum, and of 
yellow sandy magnesian limestone. A similar deposit of red 
marly sandstone may be well seen at Halstad between the sali- 
ferous gypsum and lias. 

In Switzerland, the usual state of this stratum is more com- 
pact, forming a hard micaceous slaty sandstone, resembling red 
grey wacke slate, and variegated with spots of green. It occu- 
jHes a veiy considerable extent in this country, running in a line 
parallel to all the other great formations from Notre Dame 
D’Aboiidance, in Savoy, to the V^alley of the Rhine, on the east 
of Glarus, ahd being visible in the Nieder Siimiien Thai on the 
south-w'est of Thun ; in the Melcli Thai, near Lake Sarnen ; in 
the Valley of Unterchachen, near Altorf; at Schwanden, in 
Glarus ; and at Weistannen and Mels, near Sargans, above the 
head of the Lake of Wallenstadt. Large blocks of it have been 
drifted down from this last named district over the hills of 
tertiary formation that border on the Lake of Zurich. It occurs 
also in the same compact slaty form, accompanied by gypsum, 
and lying above grey wacke, at Werfen, in the Tyrol, fA) miles 
on the south of Saltzburg. 

2, New Pe<l Cougiowerate {old Red Sartdaloite, or liothe Todte 
lAegemie of Werner). — As in England and Germany, so also in 
Switzerland, and tlie Tyrol : the lower strata of the new red 
sandstone formation pass into a coarse conglomerate, containing 
fragments of the adjacent rocks older than itself, united by an 
argdlaceou.s or siliceous, and sometimes by a semiporphyritic 
cement. The same characters which this rock presents near 
Exeter and Teignmouth, in Devonshire, and at the base of the 
Thuringer-vald, in Germany, are maintained by it in the Alps. 
It occurs in Italy, near Lugano ; in the Tyrol, near Botzen, and 
Cavalese ; and in Switzerland, in the Mount Neisen, near Lake 
Thun ; and at Schwanden, in Glarus. The relative position of 
this conglomerate, and the new red sandstone, may be seen to 
5wlvantage in the steep sides and escarpments of the Glarus 
mountains, between Schwanden and Matt, where they appear 
beneath well characterized strata of the elder alpine limestone 
formation, and incumbent on true transition rocks ; i. e. the 
grey wacke and greywacke slate of Blattenburg, 

3. New Red rorphyry . — In Switzerland, the conglomerate of 
Schwanden seems almost, but not quite, to pass into the state of 
new red porphyry, its cement and many of its concretions being 
inipei&cuy crystalline ; but no decided porphyry of this forma* 
Ikm occurs on the north frontier of thq,centtal Alps. On their 
eoiith side, however,* near Botzen, there is an extensive rangoof 
iorw moimtaias, composed exckaively of thk poiph^ : it may 
be seei^ Deposing on the new red conj^anerate by tha roaiaida 
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on the south ol‘ Cllusen ; and covered by the same conglomerate 
and by new red sandstone, on the south of Botzen, from Neu 
Markt, in the Valley of the Adige, to CaValese, in the Valley of 
the Avisio. 

Along this line the porphyry seems to pass insensibly into the 
conglomerate, each containing occasionally subordinate masses 
of the other, and botii presenting features wliich seem to induce 
us to refer them to a coniemporuueous origin ; i. e. to consider 
the porphyry a crystalime form of the same matter which, in its 
coarser state, constitutes the red earthy cement of the pebbles 
composing the conglomerate. 

This conclusion is borne out by similar phenomena in the* same 
formation in England, iScotland, and Ireland. 

V. Transition Hocks {properly so called). 

Transition rocks, identical in every respect with the grey- 
wacke and greywacke slate of England and Germany, occur 
abundantly in the upper part of the Valley of Glams, lying 
beneatli, and possessing very difterent characters from the new 
red sandstone and conglomerate beds which are usually, but 
improperly, called transition rocks. 

I'lie slate quarries of Blattenburg, well known for their fossil 
fish, lie in a calcareous variety of this greywacke slate, which 
alternates with decidedt granular greywacke. The same transi- 
tion formation extends from thence to the Valley of the Tamina, 
above the baths of Pfetlers, and the mountains that tlank each 
side the Rhine for 10 miles north of Coire, where also the slate 
frequently be'comes calcareous, 

M. Brocliant, in his paper on the Tarentaise and Upper Dis- 
tricts of the Iserre, in Savoy, has described with much accuracy 
a considerable extent of similar transition rocks on the south- 
west of Mont Blanc, passing from fine greywacke slate through 
various kinds of greywacke to coarse conglomerates, some con- 
taining calcareous, others siliceous and granitic fragments. 
Coeval and connected w ith the latter is the famous conglomerate 
of the Vallorsine described by De Saussure, being a pudding- 
stone of the highest antiquity, with fragments of gneiss, granite, 
and clay slate : these transition conglomerates alternate with 
micaceous slate, serpentine, and quartz rocks ; and are totally 
different in appearance, as well as antiquity, from the new red 
sandstone conglomerate of Schwanden* 

We have andogous formations in this country in the conglo- 
merates which in Pembrokeshire and near Kiilamey aliernato 
with greywacke and greywacke slate. The old red sandstooe 
of England is nearly connected with these last mentioiied ow- 
glomcrates, being intermediate between them and the mountaki 
fimeotone, and separated by no strong line from the greywacke 
femiation, to which it is considerea as belonging adtemveeit 
OGisitiis: on the. 



460 


Prof. Bttcklattd fiit the Structure of A/jjs, [JIjne^ 

Primitive Rocks. ’ 

Of the primUive rocUs that form the central axis of the Alps, 
I have only*io remark at present, that in consequence of the 
transition rocks being in many places totally wanting, they often 
come into immediate contact with the secondary strata. 

Trap Rocks. 

There are no traces whatever either of trap rocks, or whin 
dykes, in the Alps of Savoy, Switzerland, or Ty*’<^^ along the 
entire north side of the great primitive jidge from Mont liianc 
to Presburg. But on the south side of it in Tyrol they occur in 
cons'derable force at the Val di Fassa on the east of Botzea 
under circumstances of singular resemblance to the trap rocks 
and wdiiii dykes of Scotland, and the north of Ireland. 

An excellent niineralogical account of this district has been 
given by Prof, Brocchi, of Milan. The trap protrudes itself 
through primitive rocks, new n^d sandstone, and Alpine lime- 
stones, both in the form of small dykes and irregular masses : 
the latter swell into moiiiitaius of great elevation at tlie upper 
extremity of the A^il di Fassa, above Vigo ; and in the JSieger 
Alp close adjoining. They abound in well crystallized minerals, 
chiefly of the zeolite family, which bear a strong resemidance 
to those of the neighbourhood of Glasgow. In both countries 
also the rock itself comes much into contact with, and cuts 
through strata of, the new red sandstone formation. A similar 
mass of trap occurs also cutting the Alpine limestone of Monte 
Baido on the l.ago di Garda, where it is remarkable for contain- 
ing veins and nodules of the green earth of Verona, a substance 
which probably derives its colour, if not origin, from the decom- 
position of pyroxene. 

Not far south from Fassa, on the border of the plain of Lom- 
bardy, is a still more extensive formation of trap, which occupies 
large tracts in the \"icentiiio, the Monte Berici, and Euganean 
Hills. 

In these districts, basaltic dykes cut through rocks of all ages, 
from the mica slate of Recoaro to the Calcaire Grossier of 
Monte Bolca and the Monte Berici ; and amorphous masses of 
trap protrude themselves into and through these same forma- 
tions, so as to appear in different points both to lie under and 
over, and to alternate with them all. In the Euganean Hills, 
the trap has been said to contain marine shells; and hence an 
argument has been taken against its igneous origin. But these 
remains occur only in a species of basaltic tuf, or regenerated 
trap being a conglomerate rock composed of minute fragments 
of trap, mixed with marine shells of i\\e same character with 
those that fill the strata of Calcaire Grossier with which these 
trap conglomerates alternate. .Similar shells are found on the 
south of«Turin at the base of the Sub* Apennines in a breccia 
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composod of fragjpients of serpentine ; and in Hungary also in 
an analogous breccia composed of fragments of volcanic rocks. 

Although no trap rocks occur betwten the central Alpine 
Ridge and great Valley of the Danube, yet small *f)ortions of it 
occur on the north border of tliis valley at Hoent Wyl, near 
Schafi’hausen, and again at Urach, in tlie Rouh Alp, on the 
north-west of Ulm. 

Its extent a little further north in Saxony and Bohemia is too 
notorious to require mention. 

Jl nx Chain. 

The general history of the Jura Chain may be stated* more , 
briefly than that of the Alps, from which it is separated only by 
the great valley of Switzerland, extending from G(5nev»tiP Con- 
stance ; and being in fact only the continuation of the upper 
extremity of the Valley of the Danube, and like it composed 
almcst exclusively of strata of tertiary formation. 

The Jura Chain runs in a line parallel to that of the Alps, and 
of this great valley from Nantua, on the NE of Lyons, to Neuf- 
chatel and Schafl hausen , from whence its prolongation through 
iheRonh Alponthe south of Swabia connects it with Nuremburg, 
and the great calcareous masses of the centre of Germany. 

Its dip is toward the Alps, plunging under the molasse and 
nagelflne of the great valley above-mentioned. Its escarpment 
rises towards the primitive and transition rocks of the 

Black Forest, and the Vosges. Its component formations are, 
beginning with the lowest, new red sandstone, magnesian lime- 
stone, lias, and several varieties *of oolite ; on these latter are 
dispersed some irregular patches of freshwater h)rmation and 
lignite. Its most obvious and most abundant rocks are beds of 
oolite, resembling that of theCotswoldHills and neighbourhood of 
Bath ; and the term Jura limestone has been applied most 
usually, and with most propriety, to this variety of its component 
rocks, particularly in the case of the oolites of France. But in 
Germany, many rocks which belong to the magnesian limestone 
formation have been confounded with the true oolite from the 
circumstance of their analogues having been observed in the 
Jura, and the Jura being erroneously considered to contain but 
one formation. The upper beds of the Jura Chain lying above 
its oolite assume the ordinary compact form of younger Alpine 
limestone, as may be seen at Schaffhausen ; and confirm the 
opinion that the oolite formation is a component portion of the 
younger Alpine limestone. 

Three Great Vaxleys bordering on the Albs.. 

. 1 .• Valley (f Switzerland, 

The position of the (jreat Valley of Switzerland between the* 
Alps and ’ Juhi Chain,' and parallel to both of them,* has been 
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already described. It is composed exclusively of* tertiary 
strata ; i. c. magelflue, molasse, and fr€^8hwater formations. 
These probably rest (oh their NW side at least) on the prolon- 
gation of the upper beds of the Jura Chain dipping towards the 
Alps. 

2. Vdllep of the IJauuhe, 

The same Tertiary funnations extend oil from Switzerland 
into the Valley of the Danube, along which they continue east- 
ward, with two paitial inferruptions near Vienna, into the great 
plains of Hungary and Transylvania. 

The south frontier of this Valley from Switzerland to Vienna 
is formed by the Alps. Its north border, by the continuation of 
the Jura into^the Rouli Ai]), and afterwards by the granitic rocks 
which dfe connected with the great primitive mass of the south 
of Bohemia, and run in a line nearly parallel to the Danube 
from Ratisbon to Liutz and Melk, it is probable that the fim- 
jdamental rocks of this great ^ alley are transition and primitive, 
since the latter are seen emerging from beneath the tertiary 
formations along gieat part of their north frontier. While on 
their south border from Saltzburg nearly to Vienna, they repose 
immediately on transition rocks. 

3. Valleif of the Po, 

The central portions of the Valley of the Po are so completely 
covered by gravel, that we can only form conjectures as to the 
rocks that lie imiiiediately beneath it. But as the first strata 
that appear on the edges of this gravel are referriblc to tertiary 
formations, it is probable that their prolongations stretch across 
from the base of the Alps to that ol’ the Apennines. 

Their position and character in the Subapennine Hills has 
been well described by M. Brocchi ; they may be seen to great 
advantage on the south of Parma and Placentia resting on the 
transition limestone, greywacke and serpentine of the Apennines. 

On the north flank, they arc‘ admirably displayed! in the JSubal- 
pine Hills, near Verona and Vicenza. And at the western 
extremity, they form considerable hills on the right bank of the 
Po, immediately east of Turin : the hill of Superga, near Turin^ 
is a remarkable point on this formation. 

The following Tabular Arrangement of the Rocks that occur in the 
Continental Districts under Consideration, with their Eqniva^ 

. lenls in England, may assist to establish an Understanding 
between the lieologists of the Ttvo Countries^ 

ENGLISH FORMATIONS. FORMATIONS OF THE CON- 

* TIN ENT. 

j£lluviwn* uiUuviuoi* 

of causes now in action. Effect of causes now in acison. 

' Iftid ef rivers, dehwi, gzsvd of torrents^ Same as in England, Imk on a 

. * scale. 
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X>i/ttvtunL ^ Jhlavium. 

CUcffvel and rolled blocln, both on hiUs Same as in England. 


and in Talleys, not produced by any 
causes now in action. 

Gravel of the valleys of the Thames, Se- 
vern, and Humber. 

BLodcs of Cumberland granite in the plain 
of Shropshire, near Bridgenorth; and 
of Galway granite at Shalk on the SW 
of Carlisle, in Cumberland. 

TERTIARY FORMATIONS. 
London and Hampshire basins. 


I. FreshtefUer fJmesione, 
Headcn Cliff, Isle of Wight. 


Superficial gravd, covmng the regular 
Tertiary strata of the valleys of the Po, 
the Danube, and Geneva. 

Granite Blocks on the Jura above Neuf- 
chatel, and on tlie Sideve * mountain 
.near Geneva. 


TEiniARY FORMATIONS. 

Basin of Paris ; Valleys of the Po, the 
Danube, and Switzerland. 

I . Cali aire Eau Doucf, 

Basin of Paris ; Frienisberg, ^hir Berne ; 
St. Saphorin, near Vevey ; Horg^n, 
near Zurich ; Lode on the Jura ; Val* 
ley of the Rhine, tliree miles N£ of 
Basle These are principally composed 
of marl stone, and contain heds of coal, 
with Freshwater shells intermixed. 

Ocningin, near Sdmffhausen, with fresh- 
water fish. 


Y. London Clay. 
Highgate Hill, London. 


YTith plants and marine 
Isle of aiheppy. 

% I* asiic Clay Formation, 

Clay, marl, sand, and gravel, wiUi marine 
shells. 

'Basins of London, Hants, and Dorset. 


4 . PuddingfioMt of ilertf of dihire, 

Druid sandsume blodts of Buekingham- 
dare, Wilts, and Dorset. 

5, JbigniU and Olanoo Coak Imperfect 
tVood Coai, 

Alum Bay. Isle of Wight. 

Corf e Clay Pits. lale of Purb^ 


2. Cafe aire Grassier (f Paris, 

Verona, Vicentine Hills, and Monte Be- 
rici, in the valley of the Po. 

Loretto, iSE of Vienna, in basin of Da- 
nube. 

Tout dc MoUere, £ of Yverdun, in Swit- 
zerland. 

With plants and marine fish. 

Monte Bolca, near Verona. 

Solenhofen, near Pappenheim (probably). 

Fish of Mount Lebanon (probably). 

3. Piasiie Clay Formaiion, 

Beds of clay, marl, sand, and gravel, with 
marine shells 

Basin of Paris. 

All the edges of the plain of Ijombardy ; 
near Parma, Piacenza, Asti, Turin, 
Vicenza. 

Valley of the Danube. 

Valley of Geneva and Constance. 

4. Nagelflue^ of Swilier*andj Como, astd 

Sallt'mrg. 

Puddingstone, of Rigi, near liuccme, and 
of Bregentz on L&e Constance. 

5. /Jgniic and Glance Coal. Perfeot 

and Used for Fires. 

Monte Botea atad Ait«ignitii% the VU 
centino. Fussen in Bavaria. 

Titmoniiig, Teisendorf, Miesbach, and aB 
the coal pits in the Valley of the Da- 
nube, ahovt Vienna. 

Marburg, in Styria. 

Leoben, in Styita. • . 
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It is not implied that the abovi live subdivisional parts of jhe Tertiary formations 
maintain tlie same reUvc order of succession in England ana 'on the Continent ; most 
of them probably' alternate, but they arc all more recent tlian the chalk of England, 
France, and Italy. * 

• SECONDARY lOR.MATIONS. 


Chalk. 

1/arge proportion of the SE of England. 

• Green Sand. 

LargcrpfBportion of tlie JSE of England. 

> “V, 

Ooliic Formation. 

i''ora] rag, loose and i ubly. 

Compact beds of Coni. Brush. 
Buckingham marble. Yeovil marble. 
Bath and Cotswold oolite, 
lias. 

jVeio Red Sandstone and Red Marl. 
Crreat formation of salt and gypsum. 


Jfagnesian Limtstone.. 


Chalk. 

Craie of the French, encircling and form- 
ing the base of the Basin of Faris. 

Younger Alpine limestone of the Kuga- 
ncan Hills and Vicentine Hills, in Italy. 

Fort near liunenburg, close to the town 
on the side of Hamburg. 

< 'ast^e of Cracow, in Poland. 

Craie Infertcure nf the French. 

Quader Sandstein and Plainer Kalk, of 
\Ycriicr. 

I'ounger Alpine limestone of Savoy, form- 
ing the Muiimit of the High Ridge from 
Mount \’'urenK in the VaJe of the Arve 
to Diableret, in the Rhone I'alley. 

Jura lAmestonc (properly so called.) 

Younger Alpine limestone of Savoy, 
Switzerland, and Tyrol. 

IMuschel Kalk, of W’^erner. 

Coral Rag. Same organic remains in a 
compact matrix, and used for marble at 
Roche, near Vevey. 

Compact limestone of Schaffliausen, 
lying above the Jura Oolite. 

Salizburgh marble. Conte marble, of 
France. 

Oolite of Jura, and Valley of the 
Adige. » ^ 

Pierre a gryphitc of France and Jura, 
full of the (rryphea Arcuata of Eamark. 

31uschcl Kalk, of AOrner. 

Banter Sandstone and Roth 7'hon of 
fVerner. 

Fipit and second salt, and gypsum forma- 
tion of M’^cmer. 

CJrcy wacke of Brocchi in his A^al di Fasaa, 
of Ployer in his map of Tyrol, and 
of Von Buch and (yharpenticr in their 
accounts of the salt formations of the 
Alps. 

( Elder Alpine JAmestone. Jlochgehirgs 
I Kalk Stein of Ebtl^ first Floetz Limt’. 
I stone of fVerner^ divisible into 
r Zechstein (Calcaire a Oryphite of Voigt 
and Schlotheim, and containing Ghy- 
phites aculcatus.) 

A^c. 

Kouhwucke. 

Holen Kalk. 

Rogenauin. 

Stinkstein^ 

Kupfersemefer, or bituminous marl slate, 
with fish. 

These subdivisions are well known in the 
Thuringcr-vald, and are occasionally 
interspersed with salt and gypsum. 



1 ‘ 821 .], and adjoining Parts of tie Continent. 


466 


I 

n^rate. 


Neto lied Conplon] 


Exeter encircling the base of Quantoc and 
Mendip Hills. 


Old Red Sandstone of tVemer, Bothe 
Todte Liegende, 

Base of Thftringerwald. 

Schwanden, in Glarus. 

I^iigano, in Italy. 


New Red Porphyry of TeignmutUh^ An- 
trim^ and Kinross, 


Bed Porphyry of BotzfU^ in Tytol^ and 
of Chemnitz.^ in Saxony, 

Tills porphyry is associated widi the New Conglomerate. 


Bnglish Coal Measures^ Newcastle^ Der- 
byshire^ Staffordshire^ and South W aUa. 


Independent Coal Formation of Werner. 

None in the Alps, or basin of Po. 
Potschapel, near Ilrcsden. 

Friedland, in Silesia, and near Tamovitz, 
in Silesia . ,1^^ 

Namur, Saarre Brooke, St. Eu^Nnr in 
France. 


Mountain, or Carboniferous Limestone. 

Derbyshire, Alston Moor, Mendip, Soutli 
Wales, subordinate in the Great Coal 
Fonnation usually found in its lowest 
regions. 


Transition Lime of Werner, and of Onm- 
lius d’ Uolloy, 

Banks of the Meuse from Namur to 
Inege; is of tare occurrence on the Con- 
tinent. 


Old Bed Sandstone, 

In its upper members composed of loose 
beds of red sandstone, red marl> and 
conglomerate. 

In its lower regions passing insensibly 
into compact greywacke; abundant 
along the frontier pf England and 
Wales. 


Vivisty of Greywacke of Weriier, 

Seldom appearing on the Continent. 
Occurs at Huy on the Meuse below 
Namur, where it lies under the moim* 
tain limestone* 

The Vallorsine puddingstone is nearly of 
this age, but a Kttle older. 


TRANSITION 
Transition Limestone, 

Beds of limestone occurring subordinately 
ih the Upper Region of the Greywacke 
Formation, Dudley, Wenlock-Edge, 
Dudlow, l^ngHope, Llandilo. 


FORMATION. 

Transition Limestone occurs suboriMnately 
in Greywacke, 

Thin beds of it at Coblenta on the JUiine. 
In Bohemia near Prague* 

Tarantaise, in Savoy. 

Banks of Rhine below Cknre in Swise 
S of W'erfen iu Saltzburg. 


Greywacke, 

Pastnng into dne greywacke slate at one 
extremity, and into conglomerate at the 
other. 

Jfot»Dtahis of North Wales. 


t fiuunrioo of Penryn. 

SlatO of Tintagel, in Cornwall, and top 
of Snowdon, in Wales, containing 
marine ah^ (Tcrebra tuhtesfy 
, of lytiindtiiidfld, wxt BttaiiH 



Greywacke, 
Same as in England. 


Abundant on the Oonrinent* 

Tarentaise, in Savoy. 

Matt, in Oiaams . 

Slate of Blattenburg, in Olaruiooitt ning 
fidiand tortoises* 

glaie of Anggni, in Fteqat oontaining 
tlr9f»biteg* 

donghnneratc of Valloriine. 
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It may be ^iseful to add to this table of geological equivalents 
a list of ’ttrc/se alpine formations which most nearly resemble 
each other, and which it is nevertheless very important to dis- 
tinguish ; e. g. there are in the alpine districts four varieties of 
conglomerate, four of gypsum, and five of dolomite. 

Conglomerates, 4. 

1. The most ancient of these conglomerates is that of the 
petit St. Bernard, the Vallorsine, ajid Tarentaise, being a true 
transition rock, and containing rolled fragments of granite, mica 
slate, gneiss, quartz rock, and primitive limestone. 

2. Tpie next in point of age is that of Schvvanden and Mells 
neai^larus, and Mount Neisen on Lake Thun, being of the 
same era with the old red sandstone (rothe todte liegende) of 
Werner, and new red conglomerate of England. 

3. The third and most abundant conglomerate is that which, 
under the name of nagelfiue and Rigi puddingstone, extends along 
the line of junction of the Great Swiss \^lley with the alpine 
limestones from Vevey on the Lake of Geneva to Bregentz on 
the Lake of Constance, and thence continues onwards along the 
edge of the plain of Bavaria towards Saltzburg. This is the 
most recent of the stratified rocks of this district, and is nearly 
of the same age with the Hertfordshire puddingstone of Englanci. 

4. The fourth, which is also called nagelfiue, consists of agglu- 
tinated masses of dilu>ian gravel, composed chiefly of pebbles 
of alpine limestone, and not to be distinguished but by the cir- 
cumstances of its position from No. 3. It is usually found in the 
valleys, and in irregular patches on the lower hills, while No. 3 
forms a chain of mountains from 3000 to 4000 feet high, which 
is continuous through nearly the whole of Switzerland. No, 4 
abounds in all the diluvium of Switzerland, Tyrol, and Italy, 
when the pebbles are calcareous. It should seem these pebbles 
have supplied the cement by which they are held together, as the 
gravel is usually loose when composed of any other substance 
than limestone. 

* Formations, 4. 

In the same districts we have certainly three, probably four, 
formations of gypsum. 

I 

1. Primitive, 2. Transition, 3, Secondary. 4. Tertiary. 

1. Existing in small quantities (if at all) in the 
Alps. Brochant and D’Aubuisson doubt whether there be here 
tiny true primitive gypsum, and are inclined to class that which 
has been considered primitive among transition series. 

2. Transition Qifmum , — Much of this occurs among the tran- 
sition rocks of the Wentaise described by Brocihant. It may 
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be seen also by theVoad side at Charmly, between St. Michel 
and the Hospital of Mount Cenis, and also at the Hospital of 
Mount Cenis. • ^ . 

3. Secondary Gypsum. — Of the same age with the fifiCgnesian 

limestone, and new red sandstone formation of England, this is 
usually miscalled transition gypsum by most writers on the Alps» 
It occurs at J3ex and Leisigen in Switzerland ; in the salt mines 
of Tyrol and Saitzburg ; at Michell, 10 miles north of Trent ; 
and Lovinio, near Menagio on the Lake of Como. 4 

4. Fibrous Gypsum. — Of tertiary formation, of the same age 
with the Paris beds occurii in the molasse of Switzerland, 
near Yverdun; in Argovie, near Solonre ; at Boudry, near 
jVeufchatel ; and St. Julien, near Geneva. 

DolomitCy Five Kinds. 

In the alpine regions there occur also five formations of dolo 
mite. 

1. Primitive. — The primitive limestone of the central Alps 
often passes into the state of dolomite, of which a good example 
may be seen at the pass of Mount Brenner between Botzen and 
Inspruck. It is here compact, and interspersed with flakes of 
talc, of a delicate green colour. The primitive limestone also 
which forms the matrix of the great iron works of Eisentertz, in 
Styria, is in the state of dolomite. This stratum is of great 
importance and extent in the Alps, and may be traced by its 
sparry iron ore from Lake Como to Eisenertz, and thence 
onwards into Hungary. 

2. Transition. — 1 did not find dolomite in the few spots in 
which 1 had opportunity to see the transition limestone of the 
Alps ; but as this formation abounds with magnesia in England, 
Russia, and North America, it is probable that it requires only 
investigation to find it also in the Alps. 

3. Fider Alpine Limestone. — Dolomite prevails in no alpine 
formation so much as in this, which is equivalent to the grand 
magnesian limestone of England : it may be usually recognised 
by Its pearly glimmering lustre. The soft pow^der that fills the 
cells of therouhwacke and holen kalkstein is much charged with 
magnesia: as are also the strata of yellow sandy liaaestone that 
lie m the new red sandstone of the Vale of the Adige above 
Trent. 

In England, much dolomite occurs also in the mountain linie- 
stone. * 

4. Younger Alpine Limestone. — Beds of dolomite minutely 
crystalline, and. of^neaiiygliminering aspect, abound in the oolite 
formation in the Valley of tfie Adige below Trent, and also in^ 
the hills on the west of Monte Bmca: In England, magneaia' 
has been found in the ooHte formation at Minching Hatnpton^ 
near Cheltenham* It occurs al&o in the chalk of Emice* 

2o2 
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6. Tertiart/ Formatmns . — ^The calcaire ffos^iet of the hills 
that overhang the town of Verona, and 6\ many parts of the 
Vicentine Hills, pa^:^ses into dolomite. The loose calcareous 
sandy beflS that alternate with this calcareous rock also contain 
magnesia. Marine shells in high preservation are found both in 
the solid and loose varieties. 

It may be useful to repeat concisely, what has already T)een 
stated more at large, that the following terms are applied indis*^ 
fcriminately by many writers on the Continent to rocks which 
ought to be kept distinct; viz. greywacke to beds of the new 
red sandstone formation, as well as to the true transition rocks. 

Transition limestone, to the younger alpine limestone, or 
Enpji^h magnesian limestone formation, as well as to true tran- 
sition limestone. 

Transition gypsum, to the saliferous gypsum of the new red 
sandstone aucl magnesian limestone formation, as well as to that 
-which accompanies true greywacke. 

Pierre a gryphite to lias. Calcaire a gryphite to magnesian 
limestone. Jura limestone to oolite, lias, and magnesian lime- 
stone. Nagelflue to agglutinated gravel, Rigi puddingstone, 
and new red sandstone conglomerate. 


Article X, 

Proceedings of Philosophical Societies. 

ROYAL SOC]ET\. 

May 3. — Observations on the Variation of Local Heat made 
among the Garrow Hills, by D. Scott, Esq. 

On some Subterraneous Trees discovered near Mundsley, by ' 
Lieut. Miles, RN. 

On the Enlargement of the Glands of the Neck, by J. How- 
ship, Esq. 

May lOj^Some Remarks on Meteorology, by Luke Howard, 
Esq. 

Obser\alions on the Solar Eclipse of Sept. 7, 1820, by Mr. C. 
Rumker. 

May 17. — On the Anatomy of Parts of the Globe of the Bye, 
by A. Jacob, MD. 

Miiy 24.<— On the Absolute Zero, by Mr. Heiupath. 
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SCIENTIFIC INTELLIGENCE, AND NOTICES OF SUJB4BCTS 
CONNECTED WITH SCIENCE, 


I, Composition of Rhubarb. 

'Mr. Brande has lately analyzed the root of the Rheum Palmatum^ 
The results of the destructive distillation of rhubarb are stated aa 
follow: 


Water 

Empyreumatic oil, gallic acid, and water, formed 

Charcoal 

Phosphate of lime 

Carbonate of lime 

Loss, 


10*0 • 
49-0 

4-2 

0-3 


lOOD 


The component parts of rhubarb are stated to be as follow: 


Water S'? 

Gum 31 '0 

Resin 10*(> 

Extract, tan, and gallic acid 26*0 

Phosphate of lime 2 0 

Mulate of lime 6*5 

Woody fibre 16*3 


lOO-O 

II. Roch of Monl Blanc, 

Owing to an accident, these rocks were not quite correctly noticed 
in Capt. UndreH’s communication. 

The very highest rock is highly crystalline hornblende and steatite ; 
the latter might be mistaken for compact felspar, but it yields to pres- 
sure and the knife. Another specimen which is laminated seems to 
consist of greyish and yellowish steatite, imbeddw quartz crystals* 
and having brown mica between the laminae. Thi^pecimen might be 
readily mistaken for fine-grained gneiss. 'I'he rock called Petit Mulet* 
the specimen from which was mistaken for that fVom thf^ summit, is tlie 
protogene of Prof. Jurine, consisting of quartz, felspar, and steatite. 

111. Granulation of Coppeu 

The following singular circumstance was comoiunicated to me bj 
Mr. W. Keates, of the Cheadle Copper Works. 

1 send y mi, some globules of copper, quite hollow* and so light as 
to swim on water; the history of which is as follows : One of our 
refining furnaces contained about 20 cwt. of melted copper* which wga 
to be laded into blocks ; Iqtt the refining process had not been carried 
far enough* so that when the men came to lade it out into the moqlds* 
found it to be impracticable* in eonsequenee Of iti emkling on^ 
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a great quantity of sulphurous acid vapour. /They were/ therefor^ 
obliged to pW^ it into cistern of M*ater to granulate it, but by this 
operatioiv ^qstead of the copper assuming the form of solid grains, the 
whole of it oecame in the form sent to you, and floated upon the water 
like so many corks. What is the most probable explanation of this 
phenomenon ? One of our refining men, during 40 years* experience 
in the business, has never seen any thing similar.** 

To the above account, 1 have onlV to acid, that tlie globules of copper 
sent to me, although extremely lignt, had lost their property of floating 
in water, but they floated in sulphuric acid. I do not venture to ofi'er 
any explanation of the phenomenon. — Ed, 

• IV. Analysis of Indian Corn, 

Dr. Gorham, of Harvard University, Cambridge, U. S. has analyzed 
Indi^i^corn. It appears to contain a peculiar vegetable substance, 
which the discoverer has called Zeine. The results of the analysis are 
as follow : 


Water 

Starch 

Zeine 

Common state, 

9*0 

.... 77-0 .. 
3*0 . . 

Dry state. 

.. 84-599 
. . 3-296 

.Albumen 

2 5 . . 

. . 2-74.7 

Gummy ipatter 

1*75 .. 

.. 1-922 

Saccharine matter 

.... 1 A5 . , 

. . 1-599 

Extractive matter 

0*8 . . 

. . 0-879 

Cuticle and ligneous fibre 

SO . . 

. . 3-296 

Phosp. carb. sul. of lime an J Joss , . 

.... 1*5 .. 

.. 1-648 


100-0 .. 

.. 9‘;-980 


(Institution Journal.) 

V. On the Iodide, Oxides, and Chlorides qfGold^ 

According to 31. Pelletier, who first obtained the iodide, gold is not 
.acted upon either by iodine or hydriodic acid; but the hydriodic acid 
containing iodine easily dissolves gold, ancl especially when a little 
nitric acid is added; the iodide of gold then formed is a brilliant 
y^ellow, and appamitly a crystalline powder. Iodide of gold may also 
! be procured by ^Rising hydriodic acid to act upon the oxide of gold, 
or by adding hydriodate of potash to chloride of gold. The properties 
, of the iodide of gold arc, tJiat it is insoluble in cold water, and very 
sparingly soluble in hot ; when put into concentrated and boiling 
nitric, muriatic, or sulphuric acid, it is decomposed, the iodine being 
evolved, and the gold dissolved. It is also decomposed at a tempera^ 
ture of about 30^^ of Fahr. and by the alkalies in solution. It is 
stated to be composed of 

Iodine 54^ 

Gold 06 

^ 100 

The cqmpqsttion of the ox^es and chlocides of gold U seated as 
follows: 
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» % f ' -f 10 oxygen, protoxide. 

Gold299<^ + • / 

I +. chlorine, protochlonde, 

L+ 132 chlorine, perchloride. ^ 
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M. Pelletier draws the following conclusions from the various expe- 
riments which he has made on this metal. 

1. Gold ought to be considered as an electro-negative metal, /. e. as 
a metal forming oxides, which tend rather to act as acids than as bases. 

2. The oxides of gold cannot form true salifiable compounds wiisfi* 
the acids. 

3. The peroxide of gold will unite to the alkalies and other metallic 
oxides, forming combinations which possess peculiar properties. . 

4. Gold in solution in aqua regia is in the state of perchloride, and 
the supposed triple salts of gold are only mixtures in which tl^c gold is 
still in tne state of perchloride. 

5. Gold unites to iodine, forming a compound of which the propor- 
tions are constant, and easily determinable. 

6. According to the proportions of the iodide of gold, those of the 
oxides and chlorides may also be ascertained as given in the Memolre. 

7. The vegetable acids and salts have different actions on the chlo- 
rides and oxides of gold. Amongst them may be distinguished the 
oxalic acid and the oxalates, because their action is very peculiar, and 
supports the opinion of M. Dulong on the oxalic acid. — (Annales de 
Chimie ct de Physique.) 


Article XII. 

NEW SCIENTIFIC BOOKS 

PRCPARINO FOR PUBLICATIOjr. 

The Parent’s Medical and Surgical Assistant, intend^ for the use of 
the heads of families, parochial clergymen, and otliers, by Thomas 
Ay re Bromliead, MB, Christ’s College, Cambridge. 

Dr, Paris and John S. M. Fonblanque, Esq. Barrister at Law, have, 
in considerable forwardness, a work, to be comprised in one volume, 
Svo. and entitled “ Medical Jurisprudence.” It will comprehend 
medical, chemical, anatomical, and surgical investigations, applicable 
to forensic practice, for the instruction and guidance of coroners, 
'magistrates, counsel, and medical witnesses, with a copious appendix 
of statutes, cases, and decisions. 

Mr. Gideon Mantel! s Outlines of the Geology' of the South-eastern 
Division of Sussex, will soon be published in royal 4to. with numerous 
engravings. 

A Treatise on Scrofula, its Nature, Treatment, and Effects ; also, 
the alteration produced by it in the structure of all the .dtflSsrent parts 
of the body, with special reference to its connexion with wnal cum* 
ture, diseases of the joints, affections of the glands. TO whidh is 
added, an Account of the C^hthijmia, so bng prevident in QiristV 
Hospital. By E. A" Lldyd, RCS: &c. Set. iff Wd. ^ 

Work obtained the Jacksonian Prize in 181B. * ^ ‘ " 
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Dr. Dickinson has in the J^ess, The Medical Student’s Vade Mecum; 
being a work in the form of question and answer, 4;oniprising anatomy, 
physiology, b^ny, and pharmacy, &c. To which will be added, an 
abridged correct Explanation of the Chemical Decompositions, 
intended principally for gentlemen previous to their examinations at 
the Surgeons* and Apothecaries' Hall. 

JfI5T Pt'BLlS'IICD. 

Flora ScoticU} or a Description of Scottish Plants, arranged both 
’^pcording to the Artiiicial and Natural Methods ; in two Parts. . By 
W. Jackson Hooker, LED, FRA. FLS.&c. 8vo. H.y. 

A Treatise on the Hydrocephalus Acutus, by Leopold Anthony 
Golis. Translated from the German, by Robert Gooch, MD. 8vo. Hs, 

Observations on the Derangement of the Digestive Organs, and 
some Views of their Connexion with Local CompIaint.s. By W. Law, 
Fello^pt^tff the*Royal College of Surgeons, Edinburgh. 8vo, 6s, 

A Toxicological Chart, exhibiting at one View the Symptoms, 
Treatment, atul Modes of detecting tlje various Poisons, Mineral, 
Vegetable, and Animal, according to the latest Experiments. By W. 
Stowe, RCS. London. 1«. 6d, 

A Treatise on Indigestion and its Consequences, called Nervous and 
Bilious Complaints, with Observations on the Organic Diseases, in 
which the}^ sometimes terminate. By A. P. Wilson Pliilip, MD. FRS. 
&c. 8vo. 9.?. 


Article XIII. 

NEW PATENTS. 

Stephen Wilson, Esq. of Streatham, Surrey, for improvements in 
machinery for weaving figured goods ; partly communicated to him by 
a foreigner. — March 8, 1821*. 

Henry Browne, of Derby, chemist, for an improvement in the con- 
struction of boilers, whereby a saving in fuel is eftected, and smoke 
rapidly consumed. — March 16. 

llario Pellafines, of Earl’s-court, Middlesex, for certain new and 
improved machinery and methods for breaking, bleaching, preparing, 
manufacturing, and* spinning, into thread or yarn, flax, hemp, and 
other production-s and substances of the like nature, capable of being 
manufactured into thread or yarn. — March 27. 

William Southwell, of Gresse street, Rathbone-place, for certaia 
improvements on cabinet piano-fortes. — April 5. 

James Goodman, of Northampton, for an improvement onadrrup- 
irons. -r April 5. 

Henry Goldfinch, of Hythe, Lieutenant-Colonel in the Royal Engi- 
neers, Tor an improvement in the formation of horse-shoes. — April 5. 

Willem Annesley, of Belfast, architect, for certain improveinents in 
the construction of ships, boats, and other vessels. — April 6. 

"^iUiam .Chapman, of Ncw’castle-upon-Tyne, civil engineer, for a 
method or methods of transferring the lading of lighters and barg^ 
int^ ships pr ve^ls, or from ships or vessels into lightprs and bargff* 
—April 12. , 
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Article XIV. 

METEOROLOGICAL TABLE. 


1821. 

Wind. 

Bakom 

Max. 

rET£R. 

Min. 

Th£RM( 

Max. 

>1WET£R. 

Min. 

£vap. 

Rain. 

Hygt. 1* 


Mb Mon. 










April 1 

w 

29-60 

29-34 

51 

43 

— 

17 

63 


2 

w 

29*34 

29-26 

58 

38 

— 

25 

72 

# 

3 

w 

29-33 

29'31 

51 

37 

— 

01 

62 


4 

N W 

29*48 

29*30 

55 

34 



64 


5 

N W 

3007 29*48 

52 

31 

— 


60 


6 

N W 

30-073003 

49 

42 

55 

10 

56 


7 

N W 

30-14;30-03 

59 

48 

— 


92 


8 

W 

30-14i30-05 

67 

43 

— 


59 


9 

s w 

30 05|29 86 

65 

44 

32 


81 

c 

10 

N W 

29-8() 29-72 

64 

47 

— 

— 

68 


1] 

s w 

29-7229-46 

61 

41 


23 

67 


12 

w 

294629*38 

54 

38 

— 


60 


13 

w 

29-60 

29*47 

54 

36 

— 

02 

62 


14 

s 

29*53 

2936 

51 

37 

52 

12 

63 


15 

s w 

29*54 

29-48 

54 


— 

KS 

68 


16 

Var. 

29-48 

2943 

59 

27 

— 


61 


17 

N W 

29-66 

29*48 

58 

38 


... 

38 1 

0 

18 

N W 

2983 

29-66 

51 

. 40 

— 

06 

63 j 


19 

s w 

2974 

29-61 

57 

48 

40 

36 



20 

N W 

29*80 

29-6 i 

65 

42 

— .e j 

IS 

79 


21 

N 

30-01 |29-80 

59 

42 

— , 


81 


22 

N E 

30-02 29 62 

59 

45 

— 


73 


23 

E 

29-6229-45 

70 



04 

81 . 


24 

S W 

29-67 29-62 

70 

42 

— 


68 


25 

riE 

29-75129-67 

74 

44 

— 


64 

> 



29-7i,29-7l 

78 

48 



63 



w 

29-84.29-75 

67 

40 

57 


69 




29-86|29-84 

71 

43 

— 


61 ■ 




30-05'29-86 

63 

47 





30 

N E 

30 08!30-05 

51 

45 

25 

01 





30-I4'29-26 

78 

27 

2*91 

1*52 

Kgs 



The obeervatioiie in eedi line the teUe *11^7 to s period of tveo^-dbnr hiM, 
Induing at 9 A. M. on the dav indicated in the fiiat colnmii. A d«ih thi| 
the mult is induded in the next MoiRiitg 4>b«erTadoQ. 
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REMARKS. 

Fourth Months — 1. Fine: rain at night. S. Showery: windy. 3. Squalls, with hail 
uSiii. Nimbi, 4, 5. Fine. 1. Cloudy. 8. Very fine: thermometer 63° at half- 
— .^jgast nine. 10. Cloudy: some appearance of thunder, p. m. : lunar halo. 1 1 . Cloudy ; 
windy. 12. Showery: gusty: at Tottenham a heavy hail-storm. 1 3. Slight showers : 
gusty. 14. Showery: windy. 15. IKtto: at Tottenham thunder was twice heard to 
the N, there being at the time many large and the first swalloxc made its 

* app^wce. 16. Fine : a hoar-frost in the morning. 17. Hoar-frost: thundered twice 
at half-past four, p. m. IS. Showery: frequent rainbows during the afternoon ; one 
was obtaived with two complimentary bows at some distance beneath it. 19. Showery : 
boisterous night. 20. Slight showers during the day: very frequent lightning in the 
evening : a thunder-storm about seven, p. m. : tlie lightning extremely vivid, and nearly 
oonntinuous from SW to SE, and much forked : some flashes descending perpendicularly 
to the eartli. 21, Cloudy: clear night: swallows now numerous. 22. Very fine 
morning. 2.3. Fine : some lightning at night. 24. Very fine. 23. Ditto. 26. Sultry 
day: incessant lightning in the evening, which continued nearly all night in every 
quarter of the horizon, and very distant. 


RESULTS. 

Winds: N, 3; NE, 2; E, 3 ; S, I; SW, 5; W, 7 ; NW, 8; Var. I. 


Barometer : Mean height 

For the month 29*697 inches. 

For the lunar peru>d, ending the 2.5th. 29*615 

For 14 days, ending the 1st (nuwn south) 29*521 

For 13 days, ending the 14tk (moon north) 29*675 

For 14 days, ending the 28th (moon south) 29*689 

Thermometer: Mean height 

For the month 40*450‘> 

¥ 

For the lunar period 48*400 

For 30 days, the sun in Aries. . 45*633 

Evaporation 2*91 in. 

Bain... 1*52 

ifean of hygrometer. 


Stratford, F^h Month, 21, 1821. 


R. HOWARD. 
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A cid, hyponittous, composition of, 
3ii6. 

nitric, composition of, 327. 

— nitrous, composition of, S26. 

Adams, Mr. J. ^on a method of ap- 
plying Maclaiirin’s theorem, 98 

on the expansion of the functions fir), 
Ac.359. 

Alkali, new one in the atropa belladonna, 
263, 

Ammonia, bicarbonate of, on the, 110. 
Amnioniacal alum, on, 72. 

Analysis of Indian corn, 470. 

Apparatus for the discharge of ordnance, 
description of, 89. 

Arseniate of soda, composition of, 13. 
Arsenic, atomic weight of, 1 5. 

*■ — acid, on tlie atomic weight of, 13. 

composition of, I.*!. 

Arsenious acid, composition of, 15. 
Astronomical, magnetical, and meteorolo- 
gical observations, by Col, lleaufoy, 
76, 156, 263. 

Atmosphere, mercurial, on, by M. Fara- 
day, l-W. 

Atomic weight of strontian, lime, mag- 
nesia, phosphoric acid, and arsenic 
acid, I. 

Atropium, on the properties of, 263. 

sulphate of, composition of, 

264. 

muriate of, composition of, 

268. 

Azote and oxygen, on the combinations of, 
.321. 

Azote, dcutoxidc of, composition of, 325. 
protoxide of, composition of, 323. 


B. 

Barytes and strontia, test for, 72. 

Beaufby, Col. astronomical, magnetical, 
and meteorological observations, by, 7 6, 
156, 263— summary of the magnetical 
and meteorological observations tot three 
yeart and nine months, 94— on the 
going of a clock with a wooden pendu- 
lum, C03-.^tableof the diurnal variatim 
of the mimetic needle at j^wanebuig, 
in Holland, communicated by, 205. 

Beche, Mr. on fossil plants found at the 



Berzelius, J. researches into the composi- 
tion of the prussiates, 219,301, 433. 

Bicarbonate of ammonhi, composition of, 

110 . 

Birkbeck, Mr. W. L. on a new method 
of constructing geometrically the cases 
of spherical triangles, by rdcvelope- 
meiit of their parts in piano, 259. 

Blowpipe, hydro-prieumatic, description 
of a new one, 428, 

Books, new scientific, 74, 154, 237, SIT, 
471. 

Bostock, Dr. on whale oil, 45. 

Brandes, M. on atropium, 263. 

Brandc, 51r. on the composition of rhu- 
barb, 469. 

Buckland, Bcv. W. on the structure of 
the Alps, and adjoining parts of the 
Continent, and their relation to the 
secondary and transition rocks of 
England, 450. 

Burney, Dr, W. on the new comet, 29tf, 


0 . 


Calder Side, remarkable stratum of lime- 
stone at, 23. 

('aloric, radiation of, 81. 

Carbon, chlorides of, discovery and pro- 
|>erties of, 65, 

Carbonate of lime, composition of, 6. 
Carbonate of potash, composition of, 6. 
Cassius, purple powder of, on the, 393. 
Chemical philosophy, researches into the 
mathematical principles of, 81. 

Children, Mr. analysis of his essay on 
chemical analysis, 140. 

Chloride of strontion, composition of, 5. 
Chloride of barium, composition of, 8* 
Chlorides alid water, on the action of, 2T. 
— of carbon, discovery and pro-* 
perties of, 65. 

Cblorophseite, a new substance fbund t» 
Rum, by Dr. MacouUooh, 15E 
Chromate of lead, oa*the ap^catiqn to 
silk, &C. 72. . .4 

Chrome, sulphuret of, on the, by M. 
Lassai^e, 153. 

Clarke, Dr. address read at Oic Cuni» 
biite 

—on the pur^e powder or QMis, 995; 
— oQtaegashlOfrpipe, 41#. 
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Circle, tangent to, tt.'W method of draw* 
ing, 44. ^ 

Clinometer, new oue, description of, 43. 

* Clock, with a wooden pendulum, on the 
going of, 203> 

Cobalt, sulphate of, composition of, S3 1 . 

on tlie atomic weight of, 251. 

Col de Balme, fossil plants found at, 67. 
artiiicial, on the production of, by 
Df. illacculloch. 1 53. 

Colebrooke, Mr. on the geology of the 
north-east border of Bengal, 149. 

on the geology of India, 

< notice 6f, 390. 

— on the valley of the Sut- 

leig river in the Himalaya, 88. 

Comet, o»tlie new, 298. 

Compressibility of water, observations on 
Mr. Perkins’s account of, 135. 

reply to remarks 

on Mr. Perkins’s account of, 222. 
Conite, anew substance found in Mull, by 
Dr. Macculloch, 152. 

Conybeare, Rev. J. J. description of anew 
substance found in ironstone, 136 
— on the red rock niarlc, or newer red 
sandstone, 255. 

Copper, acetate of, analpis of, 417. 

on the atomic weight of, 243. 

bisulpliaCe of, composition of, 

243. 

crystallization of red oxide of, 

by heat, 1 50. 

granulation of, circumstance at- 
tending, 4 to. 

" — perchloridc of, composition of, 
245. 

quantity of, raised in Cornwall, 

394. 

Com, Indian, analysis of, 470. 

Cornwall, quantity of copper raised in, 
394. 

Crystals, dissection of, 397. 

Cnrstallwatiou of red oxide of copper by 
Wt, 150. 

Crystallized bodies, action of, on homo- 
geneous light, 115. 

C^anuret of potassium and iron, composi- 
tion of, 4.35. 

— iron and barium, analysis of, 

447. 

lead, analysis of, 
447. 

silver, analysis of, 

449. 

D. 


Davenport, Mr. R. on rmn-guages, 111. 
Dsty, address of, on taking the 

<!l^r of tile Royal Society, 144. 

J^ohn, an apparatus for 
'i&ichaiyQg ordnanc^ 89-^xpecimente 


on dame, with an apparatus for dis- 
charging ordnance, by, 206. 

Deuchar, Mr. J. on the application of 
Howard’s fulminating mercury to the 
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